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THE URINARY EXCRETION OF CALCIUM 
AND PHOSPHORUS AFTER SURGERY 


K. N. WYNNE, M.Sc., S. H. CHORLTON, B.Sc., and 
KENNETH W. STARR, F.R.C.S.(Eng.), F.R.A.C.S., F.A.C.S.(Hon.), 


Sydney, New South Wales, Australia 


THERE Is a marked clinical impression that 
surgery can accelerate the growth and spread 
of metastases in patients suffering from cer- 
tain types of neoplastic disease. It can be 
deduced that this impression is widely held 
by the publication of a number of investiga- 
tions directly inspired by the possibility. As 
all such studies to date have been restricted 
to mice or rat experimentation, there will 
always be some doubt that the conclusions 
reached will apply to human beings. 

This report deals with the first results of a 
study on the effects of surgery on human 
patients. Prime attention has been given to 
calcium metabolism in view of the observa- 
tions of Coman which suggest that changes 
in tissue levels of calcium may influence the 
spread of cancer cells. 

As previously reported work on_post- 
operative calcium and phosphorus metabo- 
lism has’ been concerned with long-term 
daily balance studies, it was decided to re- 
strict this investigation to transient changes 


From the Special Unit, New South Wales State Cancer 
Council, Prince of Wales Hospital, Randwick, New South 
Wales, Australia. 


in urinary excretion rates for 3 days follow- 
ing operation. A preliminary note on the 
results of this study has been published (4). 


METHODS 


Twenty-three patients (Tables I and II) 
were studied over a minimum period of 2 
days before, and 3 days after, operation. 
Urine was collected from all patients on a 
4 hourly basis with the exception of the first 
8 patients studied, on whom some 24 hour 
and 12 hour collections were made in the 
preoperative period. 

All urine aliquots were acidified with 
hydrochloric acid and stored at 4 degrees C. 

Calcium was determined colorimetrically 
by using plasmocorinth B and urinary phos- 
phate by a micromodification of the Allen 
procedure. 

The urine of some patients was analyzed 
for sodium and potassium by flame pho- 
tometry with the Beckman Model DU 
spectrophotometer equipped with flame 
photometer and photomultiplier attach- 
ments. 

A small tracer dose of calcium 45 was 
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TABLE I.—EXTENSIVE ABDOMINAL OPERATIONS 


Pt. No. 
Sex 
Age, yrs. Operation 


86 Abdominoperineal resection 
49 
175 Polya gastrectomy 
F 
48 


186 Cholecystectomy 

190 Polya gastrectomy 

246 Total hysterectomy 

_ Choledochotomy 

393 Resection of sigmoid colon 


453 Resection of sigmoid colon 


61 


496 Abdominoperineal resection 
M 
67 


524 Excision of hepatic metastases 
42 

592 Resection of sigmoid colon 

77 


782 Radical mastectomy and r. salpingo- 
F oophorectomy 
44 


788 Partial gastrectomy 
M 
49 


804 Ileotransverse colostomy 
F 
56 


Mean preoperative excretion rates* 


Urine Phosphorus C “alcium 
ml./hour mgm.P/hour mEq./hour 
394244 19+10f 0.26+0.13+ 

102+61T 28+14F 0.15+ 0.08} 
67+40F 22211 0.34+0.17+} 
20+12tf 34+17T 0.20+ 0.10 
82+56 26£9 0.3340.14 
35+20 17 0.095 + 0.065 
64+ 38 24+11 0.16+0.07 
63+54 22+10 0.18+0.13 
27419 15.57.5 0.28+0.16 
37439 10:5 0.075 + 0.050 
91+ 38 31410 0.23+0.10 
48+43 32415 0.39+0.18 
79+61 29+17 0.54+0.23 
63442 26+9 0.404 0.15 


*Plus or minus standard deviation of mean except where otherwise indicated. 


tAn assumed standard deviation (see text). 


administered to 12 patients at the beginning 
of the collection period. The changes ob- 
served in the specific activity of the urinary 
calcium will be the subject of a separate 
communication. 


RESULTS 

All experimental results were initially ex- 
pressed in the form of a graph relating ex- 
cretion rate to the time before or after oper- 


ation (Fig. 1). However, in order to assess 
objectively the findings of the study, it was 
found necessary to score the postoperative 
excretion rates of each 4 hourly period by 
comparing with the respective mean pre- 
operative excretion rates (Tables I and II). 
Any postoperative rate outside 1 or 2 stand- 
ard deviations of the mean preoperative rate 
was recorded. In the case of patients whose 
urine was collected 24 hourly before opera- 
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TABLE II.—EXTENSIVE 
Pt. No. 
Sex 
Age, yr. Operation 
185 Radical excision of inguinal lymph nodes 
F 
30 
186 Radical excision of axillary lymph nodes 
F 
51 
255 Excision of large organized hematoma 
F popliteal fossa 
77 
351 Synovectomy for hypertrophic synovitis, 
F both knee joints 
6 
360 Radical excision of cervical lymph nodes 
M 
47 
517 Radical excision of axillary lymph nodes 
M 
64 
611 Radical excision of inguinal lymph nodes 
M and malignant melanoma from thigh 
39 
631 Radical excision of axillary lymph nodes 
M 
29 
703 Mastectomy 
F 
80 





*Plus or minus standard deviation of mean except where otherwise indicated. 


{An assumed standard deviation (see text). 


tion, a standard deviation of 60 per cent of 
the mean was assumed for urine excretion 
and 50 per cent of the mean for calcium 
and phosphorus excretions. 

The results of this appraisal suggested a 
division of patients into two groups accord- 
ing to operation. Table I lists 14 patients 
(group 1) who underwent extensive opera- 
tions involving exposure of the body cavity, 
and Table II, 9 patients (group 2) whose 
operations were extensive superficial dis- 
sections. 

Figures 2 and 3 present the results ob- 
tained from the patients in groups 1 and 2 
respectively. 

Oliguria after operation was observed in 
both groups with a tendency for a longer 
duration in group 2. It should be noted, 
however, that owing to the high standard 
deviations of many of the mean preopera- 
tive excretion rates, falls to oliguric levels 
were often not scored as such. For the same 
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SUPERFICIAL OPERATIONS 
Mean preoperative excretion rates*___ 
Urine Phosphorus Calcium 

ml./hour mgm.P/hour mEq./ hour 
59+ 36T Kos oa) 0 | 0.27+0.14F 
45+27f 29+ 15f 0.34+0.17F 
46+ 28T 19+10T 0.24+0.12T 
27+16T 19+10F 0.19+0.10F 

45+ 24 31+20 0.17+0.14 

62+37 20+9 0.10+0.04 

47+15 30+7 0.54+0.20 

64+40 34+ 26 0.25+0.15 

32+ 25 11+6 0.13+ 0.09 


reason, falls of more than 2 standard devia- 
tions were, for the majority of patients, not 
possible. 

Urinary diuresis was a feature of both 
groups with some patients in group 2 ex- 
creting large volumes within 24 hours of 
operation. 

There was marked phosphorus diuresis 
exhibited by patients of group 1. It oc- 
curred from 4 to 20 hours after operation 
with a peak incidence in the 8 to 12 hour 
period. Group 2 showed some evidence of 
an increase in phosphorus excretion during 
the first 24 hours but not to the same extent 
as group 1. 

Both groups featured a lowered excretion 
of phosphorus during the final 24 hours of 
the study. 

In each group a majority of patients ex- 
hibited a fall in urinary calcium excretion 
after operation. This was more profound 
and extended longer in the group of ab- 
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dominal surgery patients. A subsequent cal- 
cium diuresis was a common feature par- 
ticularly after operations of the group 2 
type. 


DISCUSSION 


Due to the size of our surgical unit, it 
was not possible to reduce variables by re- 
stricting the study to one or two types of 
operation or by selecting a uniform group 
of patients. However, to compensate for the 
disadvantages of such a design, it is con- 
sidered that the variety of surgical proce- 
dures studied have enabled results to be ob- 
tained which more truly reflect the general 
responses to surgery than has been the case 
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lic. 1. The rates of excretion of urine, urinary phos- 
phorus, and urinary calcium for patient No. 386 under- 
going choledochotomy for carcinoma of the common bile 
duct. 

Fic. 2. An incidence graph showing the alterations in 
urine, urinary phosphate, and urinary calcium excretion 
rates for 14 patients after extensive abdominal operations 
(group 1). Each postoperative excretion rate for a 4 
hourly period has been scored by comparison with the 
individual patient’s own mean preoperative rate and 
standard deviation (see text and Table I). Missing data 
may be perceived when addition of the number of pa- 
tients in the 5 possible categories do not total 14. 

Fic. 3. An incidence graph of the same form as Figure 
2 but representing the results obtained with 9 patients 
undergoing extensive superficial dissections (group 2, 
Table IT). 


with previous studies which were more 
selective. 

The apparent longer period of oliguria 
of the group 2 patients compared to those 
of group 1 is probably attributable to the 
higher proportion of extremely variable 
preoperative excretion rates in the latter 
and the practice of not always compensating 
with intravenous therapy after operations 
of the former group type. 

It has been reported that a phosphorus 
diuresis usually occurs on the first postoper- 
ative day. The present study confirms this 
observation for operations involving celi- 
otomy. If such operations are assumed to be 


more traumatic than those of group 2, the 
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results can be interpreted as indicating that 
the increase in phosphorus excretion is re- 
lated to the degree of adrenocortical response 
provoked by the operation. This is in ac- 
cordance with the suggestion of Eliel and 
associates that phosphorus is derived from 
the intracellular component of skeletal mus- 
cle as a consequence to the posttraumatic 
increase in adrenocortical steroid produc- 
tion. 

The decrease in calcium excretion after 
operation could be due to a cessation of 
calcium intake. Against this as the sole ex- 
planation is the promptness with which 
calcium retention has been observed to fol- 
low operation. Low plasma citrate levels 
have been reported postoperatively, prob- 
ably as a result of adrenocortical hyper- 
activity. This could cause a lowering of the 
level of plasma complexed calcium, which, 
in turn, has been shown to influence mark- 
edly the rate of calcium excretion. 

To explain increases in calcium excretion 
after operation, Eliel and associates postu- 
lated bone resorption as a mechanism for 
providing small amounts of phosphorus 
during the period of phosphorus retention. 
However, where a calcium diuresis has 
been observed, particularly in group 2, it is 
frequently associated with an appreciable 
excretion of phosphorus and generally pre- 
ceded the appearance of low phosphorus 
excretion rates. It is therefore suggested 
that the excretion pattern is more typical 
of parathyroid stimulation as a result of a 
calcium deficit than a lack of phosphorus. 

Although the results of this investigation 
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may be interpreted and explained in a 
number of different ways, there still re- 
mains a possibility that operative trauma 
may cause a disturbance in calcium metab- 
olism which could influence tissue calcium 
concentrations at a local or systemic level. 
With this in mind investigations are pro- 
ceeding with the use of the radioisotopes, 
calcium 45, and calcium 47. 


SUMMARY 

Urinary excretions of calcium and phos- 
phorus, based on 4 hourly urine collections 
from 23 patients, are presented for the 3 
days following extensive operations. 

Fourteen patients who underwent exten- 
sive abdominal operations showed; (a) 
marked phosphorus diuresis with a peak in- 
cidence 8 to 12 hours after operation; (b) 
phosphorus retention beginning 2 days after 
operation; (c) postoperative retention of 
urinary calcium. 

Nine patients whose operations were 
classed as extensive superficial dissections 
exhibited a similar but much less marked 
pattern of excretion. A calcium diuresis was 
a frequent feature of this group. 
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ENVIRONMENTAL TEMPERATURE OF HUMAN FETUS 


GIOVANNI GALLETTI, M.D., Newark, New Jersey 


Ir HAS BEEN REPORTED that under normal 
conditions a rather marked difference in 
temperature exists among the different or- 
gans and soft tissues of the body, both in 
man and in experimental animals. Accord- 
ing to the findings reported in the literature, 
it seems that most investigators question the 
term ‘‘body temperature’”’ as it is used today, 
and quite properly so, for any one site in the 
body of an individual can hardly be used as 
representative of the body temperature as a 
whole. 

The present investigation was undertaken 
to fill the gap in existing information avail- 
able in the literature pertinent to the envi- 
ronmental temperature of the human fetus or 
to the variations in the body temperature of 
the fetus itself. The aim was to attempt to 
determine the environmental temperature 
of the human fetus by the study of a series 
of recordings of the amniotic fluid, with 
the intent to establish thereby approxima- 
tions of the temperature of the human fetus 
itself through comparison with maternal 
temperatures. 

Perhaps the conclusions reached by Bur- 
ton and Edholm and the evidence accu- 
mulated by others would discourage anyone 
from attempting to equate the body temper- 
ature of the fetus with the temperature of its 
environment. In the fetus, the skin surface 
and the body weight ratio is such that the 
environmental temperature of the fetus 
should certainly play a great part in the reg- 
ulation of the body temperature. The very 
fluid nature of the fetal environment would 
seem to support this thesis. Furthermore, the 
human fetus apparently has a thermoregu- 
lating system poorly developed throughout 
intrauterine life and for some time after 
birth. 

From the Department of Surgery of the Buffalo Children’s 


Hospital, and the Department of Surgery of the School of Medi- 
cine of the University of Buffalo, Buffalo, New York. 


CLINICAL STUDY 


Twenty observations were conducted in 
20 patients. In each case the rectal tempera- 
ture, amniotic fluid temperature, and the 
temperature of the cervix or the uterus were 
recorded. For this purpose a multi-channel 
thermistemp  tele-thermometer was em- 
ployed. A standard thermocouple was used 
for the patient’s rectal temperature. For the 
recording of the amniotic fluid and _ the 
temperature of the cervix and the uterus, 
a 22 gauge thermocouple needle was uti- 
lized. 

The 20 patients were divided into three 
separate groups. The first group included 
those patients who had had a spontaneous 
onset of labor. In the second group were pa- 


tients in whom the labor was induced; and | 


in the third group were placed the patients 
who underwent elective cesarean section. In 
the first and second groups, the tempera- 
tures of the cervix and amniotic fluid were 
recorded just prior to the breaking of the 
amniotic membranes. Under vision, the 
thermocouple needle was first inserted into 
the cervix, 
through the amniotic membrane. In the 
third group, the temperatures of the uterus 
as well as the amniotic fluid were recorded 
at the moment of laparotomy. First the 
temperature of the uterus was_ recorded 
then, after the exposure of the amniotic sac, 
the temperature of the amniotic fluid was 
taken. 

Table I shows the results obtained in pa- 
tients undergoing spontaneous onset 0! 
labor. Four observations were made in this 
group. The temperature of the amniotic 
fluid in all 4 cases was above 37 degrees C. 
The temperature of the cervix appeared 
lower than that of the amniotic fluid, how- 
ever, with a low temperature differential. 
The rectal temperature was found to be 
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TABLE I.—STUDY OF THE AMNIOTIC FLUID TEM- 
PERATURE IN PATIENTS WITH SPONTANEOUS 
ONSET OF LABOR 


Temperature in degrees C._ 


Temp. Temp. 
No. Age, yrs. Rectal Cervix Amn. fl* diff. It diff. It 
1 30 36.9 EE § 37.9 0.2 1.0 
2 21 36.8 312 37.4 0.2 0.6 
3 31 37.0 37.1 37.7 0.6 0.7 
4 24 36.8 37.0 37.8 0.8 1.0 


TABLE II.—STUDY OF AMNIOTIC FLUID TEMPER- 
ATURE IN PATIENTS WITH INDUCED LABOR 


a Te 


Temp. Temp. 
No. Age, prs. Rectum Cervix Amn.fl. aiff.I diff. Il 
1 30 36.9 36.5 3S 1.0 0.6 
4 35 36.8 36.7 5 0.8 0.7 
a 29 37.1 36.8 37.4 0.6 0.3 
4 19 36.6 36.4 36.7 0.3 0.1 
5 ao 36.8 37.0 37.8 0.8 1.0 


TABLE III.—STUDY OF THE AMNIOTIC FLUID TEMPERATURE IN PATIENTS WITH ELECTIVE CESAREAN 
SECTION 





No. Age, yrs. Rectum Uterus 
1 33 36.9 35.6 
2 21 37.3 35.5 
, 21 36.9 36.0 
4 36 36.7 33.8 
5 29 36.7 33.6 
6 28 36.8 33.0 
7 22 36.9 33.9 
8 31 36.7 34.4 
9 36 37.0 35.8 

10 22 37.1 35.7 

11 25 36.9 33.4 


*Amn. fl. Amniotic fluid. 


__Temperature in degrees C._— 


Amn. fl. Temp. diff. I Temp. diff. II Anesthesia 
35.8 0.2 4.1 Spinal 
36.0 0.5 1 General 
36.2 0.2 0.7 Spinal 
34.0 0.2 2.7 General 
35.0 1.4 1.7 Spinal 
33.4 0.4 3.4 General 
34.7 0.8 ae Spinal 
35.2 0.8 1.5 Spinal 
36.2 0.4 0.8 General 
36.4 0.7 0.7 General 
34.8 1.4 2.1 Spinal 


tTemp. diff. 1; temperature differential between the amniotic fluid and the cervix. 
tTemp. diff. Il; temperature differential between the amniotic fluid and the rectum. 


within normal limits in all 4 cases in this 
particular group. 

Table II includes the patients in whom 
labor was induced. Five patients are in- 
cluded in this group. Here the amniotic 
fluid temperature, as in group 1, is above 
37 degrees C. The temperature differential 
between the amniotic fluid and the cervix is 
larger than in group 1, with the temperature 
of the cervix below 37 degrees C. Again the 
rectal temperature appeared within normal 
limits. 

In Table III is a summary of the results 
obtained in 11 patients in whom cesarean 
section was electively performed. In this 
group of patients, contrary to the previous 
two groups, the temperature of the amniotic 
fluid was recorded as significantly below 37 
degrees C., with the temperature ranging, 
except in 2 cases, between 34 to 36 degrees 
C., in 1 case being 33.4 degrees and the 
other 36.4 degrees C. Here too, the temper- 
ature of the amniotic fluid appeared higher 
than that of the uterus, with the difference 
in temperature considerably greater than in 
the previous two groups. The rectal tem- 


perature was within normal limits, and the 
temperature differential in relation to the 
amniotic fluid appeared to be rather high. 

In 6 of the patients in group 3 spinal anes- 
thesia was used; in the remaining 5 patients, 
general anesthesia. It seems, however, from 
the results obtained, that the type of anes- 
thesia employed did not appreciably in- 
fluence the temperature of the amniotic 
fluid, although in this group the amniotic 
fluid-uterus temperature differential gradi- 
ent seems to be considerably higher than in 
the previous two groups. 


SUMMARY AND CONCLUSIONS 


Twenty patients were studied to deter- 
mine the amniotic fluid temperature. ‘This 
determination was made in an attempt to 
establish, at least indirectly, the temperature 
of the human fetus through the temperature 
of its environment. These 20 patients were 
divided into three separate groups. 

In the two groups of patients in whom the 
onset of labor was spontaneous or induced 
the amniotic fluid temperature was above 37 
degrees C., whereas in the third group of 








526 Surgery, Gynecology ¢ Obstetrics - May 1960 


patients undergoing elective cesarean sec- 
tion, the amniotic fluid temperature was 
significantly below 37 degrees C. 
According to these results, it would seem 
that the environmental temperature of the 
human fetus is below 37 degrees C., ranging 
between 34 and 36 degrees C. prior to the 
onset of labor and rising as the labor pro- 
gresses. ‘This would lead to the assumption 
that, because of the physical nature of the 
fetal environment, the body surface-body 
weight ratio, and the absence of a properly 


developed thermoregulating mechanism, 
the mean body temperature of the fetus 
would be approximately that of its environ- 
ment. Furthermore, if this were true, it 
could be concluded that the human fetus 
lives in a state of mild hypothermia. How- 
ever attractive this conclusion may seem, it 
needs further investigation in order to sup- 
port it. 
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A THREE YEAR STUDY OF STAPHYLOCOCCAL DISEASE 
WITH OBSERVATIONS ON CONTROL 


H. TAYLOR CASWELL, M.D., F.A.C.S., KENNETH M. SCHRECK, M.D., 
NORMAN LEARNER, M.D., W. EMORY BURNETT, M.D., F.A.C.S., 

ELSIE R. CARRINGTON, M.D., DOMINIC A. DELAURENTIS, M.D., 

FRED R. ROGERS, M.D., CHARLES R. SHUMAN, M.D., 

HOWARD H. STEEL, M.D., F.A.C.S., R. ROBERT TYSON, M.D., F.A.C.S., 
WILLIAM C. WRIGHT, M.D., N. JANE BLOOMBERG, R.N., and 
FLORENCE E. BROWN, R.N., Philadelphia, Pennsylvania 


THE pAst 3 TO 4 YEARS has been a period of 
great interest in the problem of hospital 
staphylococcal disease. Large numbers of 
articles concerning various aspects of the 
problem have been published, and confer- 
ences relative to it have been a part of the 
majority of medical meetings. A national 
conference on hospital acquired staphylo- 
coccal disease was held in September of 1958 
under the joint sponsorship of the Com- 
municable Disease Center of the United 
States Public Health Service and the Na- 
tional Research Council. In addition, nu- 
merous meetings and symposiums on this 
subject have been sponsored throughout the 
nation by state and local public health 
organizations. 

As a result of this interest, the medical 
profession and its allied services have gained 
appreciable knowledge as to the epidemi- 
ology of these infections and methods of 
control. The majority of hospitals have es- 
tablished permanent committees on infec- 
tion whose members have included repre- 
sentatives of the medical profession, nursing 
services, and administration. During this 
period of time, it has been realized that hos- 
pital acquired staphylococcal disease is not a 
transitory problem but one which the com- 
munity and the hospital must face for an 
indefinite period of time. 


From the Temple University Medical Center, Philadelphia. 


In this article is presented a 3 year expe- 
rience with 1,237 patients with clinical 
staphylococcal disease who were observed at 
the ‘Temple University Medical Center. In 
this institution which has 900 beds and 
60,000 admissions per year, the over-all, un- 
corrected incidence of staphylococcal disease 
in hospital patients is approximately 1.5 per 
cent. 

Observations on the significance of the 
various aspects of this study and on the 
methods of control will be included. These 
observations are made on the basis of our 
present knowledge and experience, and there 
is little doubt that in the future some of them 
could be significantly modified or retracted. 
The survey has been a joint effort of the 
clinical departments with the Department 
of Microbiology, the nursing services, and 
administration. 


METHODS AND MATERIALS 


Culture methods. Specimens from patients 
were routinely inoculated onto the surface 
of two blood agar plates (2 per cent trypti- 
case soy with 8 per cent defibrinated horse 
blood). Both plates were incubated over- 
night at 37 degrees C., one plate aerobically 
and the other anaerobically. 

Nasal specimens from the hospital person- 
nel were obtained with sterile, cotton-tipped 
swabs moistened in sterile saline. ‘Vhe swabs 








528 Surgery, Gynecology ¢ Obstetrics - May 1960 


were inserted about 1% inch into each nostril 
and immediately inoculated to a blood agar 
plate. After overnight aerobic incubation at 
37 degrees C., all colonies on the plate were 
identified. No culture media were employed 
in this study which were selective of staphy- 
lococcus or inhibitive of other organisms. 

Coagulase test. ‘This test was performed on 
all isolated staphylococci regardless of pig- 
ment or hemolysis production. Human plas- 
ma diluted 1:3 with isotonic saline or 
desiccated coagulase plasma reconstituted 
with 5 milliliters of saline per ampule was 
used. Three colonies of staphylococci were 
picked from the surface of the blood agar 
plate and inoculated to a tube containing 
0.2 cubic centimeter of plasma. The coagu- 
lase test was read after overnight incubation 
at 37 degrees C. This report is concerned 
only with coagulase positive staphylococci 
isolated from personnel carriers or from pa- 
tients with an actual infection. 

Bacteriophage typing of staphylococci. All 
coagulase positive staphylococci were bac- 
teriophage typed according to the method 
of Blair and Carr. 


NASAL CARRIERS 


In a previous paper (1), we have noted a 
40 per cent incidence of nasal carriers of 
coagulase positive staphylococci in 640 hos- 
pital personnel who were surveyed. Of those 
who were healthy nasal carriers, 4 per cent 
carried the 80/81 bacteriophage strain which 
was responsible for approximately 70 per 
cent of all hospital related infections. In 
September of 1959, a nasal survey was re- 
peated on 100 personnel of the operating 
room. Once more, there was approximately 
a 40 per cent incidence of coagulase positive 
staphylococci in the nares of these indi- 
viduals. Bacteriophage typing of these or- 
ganisms did not reveal that any carried the 
80/81 strain. The healthy nasal carrier has 
been reported to play a significant role in 
cross-infection, particularly in epidemic sit- 
uations as they involve the nursery and the 
operating room. Their actual role in trans- 
mission of the organism in nonepidemic sit- 


uations is a most difficult one to evaluate, 
particularly in view of the fact that the 
80/81 strain which is responsible for 70 per 
cent of hospital related infections has been 
found on numerous surveys to be an infre- 
quent (0 to 4 per cent) organism in the 
nares of healthy carriers. 

The “sick” or infected carrier can un- 
questionably play a major role in cross-in- 
fection. The role of the so-called healthy 
carrier in the transmission of staphylococcal 
disease in our opinion is poorly understood. 
We believe that there is not sufficient evi- 
dence to warrant the establishment of rigid 
policies in reference to the management of 
these healthy carriers. It is certainly not 
practical or warranted to discharge or fur- 
lough all personnel carrying staphylococci 
in the nasal vestibule. “Treatment” of the 
asymptomatic carrier with antibiotic creams 
is effective while the agent is being used 
locally but there is a high rate of reinfesta- 
tion. This type of treatment also approaches 
to some degree the indiscriminate use of 
antibiotics and could play a role in the de- 
velopment of strains resistant to antibiotics 
to which they are now sensitive. In epidemic 
situations, local treatment of healthy car- 
riers with the dominant strain may have a 
place although it is of even greater im- 
portance in such a situation to remove these 
individuals from critical areas such as the 
nursery, delivery room, and operating rooms. 


VIRULENCE 


Attempts to carry out virulence studies on 
laboratory animals have, as a rule, been 
unproductive. The virulence of the 80/81 
strain varies considerably in the individual 
patient. On the basis of its dominance as the 
cause of hospital related infections, one must 
accept the fact that the 80/81 strain has 
greater facility for transmissibility which 
could be interpreted as a modality of viru- 
lence. In our clinical experience, staphylo- 
coccal infections have been associated with 
the greatest morbidity and mortality in 
older individuals who have had orthopedic 
procedures in which internal prostheses 
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have been used and in diabetics with exten- 
sive infections of the extremities requiring 
amputation. Postoperative staphylococcal 
infections following chest surgery with the 
resultant empyema likewise have been major 
infections. 

The majority of staphylococcal surgical 
infections have been of mild to moderate 
severity and usually respond well to ade- 
quate surgical drainage. In most instances, 
the use of antibiotic agents has not been re- 
quired although they are not withheld if 
there is a significant febrile response or 
evidence of surrounding cellulitis, lymphan- 
gitis, and lymphadenitis. 


STAPHYLOCOCCAL SURGICAL INFECTIONS 


Clean surgical wounds. At ‘Temple Univer- 
sity Medical Center, there are approxi- 
mately 10,000 operative procedures per- 
formed each year in which staphylococcal 
infection could conceivably occur. Clean 
surgical wounds include any operative pro- 
cedure in which there is not gross contam- 
ination at the time of surgery such as drain- 
age of abscesses, oropharyngeal surgery, or 
similar procedures. Surgical procedures in 
which the gastrointestinal tract is entered 
are placed in the category of clean surgical 
wounds despite the fact that there is in- 
variably some degree of wound contamina- 
tion as a result of the surgical procedure. 
We do not believe that a staphylococcal 
wound infection can be considered to be the 
result of the invasion of the gastrointestinal 
tract as the organism is rarely found as a 
member of the normal flora of the gastro- 
intestinal tract. 

During the 3 year study which would in- 
clude approximately 30,000 operative pro- 
cedures, 2 group A streptococcal infections 
have been noted in clean surgical wounds. 
This is certainly a striking example of the 
fact that the previously dreaded Strepto- 
coccus pyogenes has largely disappeared 
from the hospital environment. We have 
also noted that infections of clean surgical 
wounds with gram-negative organisms have 
been extremely rare. The gram-negative 


TABLE I.—STAPHYLOCOCCAL SURGICAL INFEC- 


TIONS 
Per cent phage type 
1956 1957 1958 80/81 

Clean surgical wounds 136 59 55 53 
Contaminated surgical 

WOO acececacess 28 50 49 41 
Pneumonia in surgical 

Pe 4 4 5 77 


organisms have been the source of wound 
infection primarily in those instances in 
which the wound was exposed to significant 
contamination from the large bowel or uri- 
nary tract, or because of the drainage of 
intraperitoneal abscesses. 

In Table I, it can be observed that staphy- 
lococcal sepsis in clean surgical wounds in 
our institution has remained stationary in 
1958 and 1957. In both of the latter years, 
there were approximately 60 per cent fewer 
infections in clean surgical wounds than 
were observed in our original study in 1956. 
The incidence of staphylococcal wound sepsis 
in clean surgical wounds computed on the 
basis of 10,000 operative cases per year has 
been .55 to .59 per cent during the years 
1957 and 1958. The percentage of these in- 
fections due to bacteriophage type 80/81 
has remained at approximately the same 
level throughout the 3 year period (53 per 
cent). 

The survey on clean surgical wound infec- 
tions did not reveal what could be consid- 
ered any significant difference in the wound 
infection rate in private patients operated 
upon by various individual staff surgeons. 
There were, however, twice as many staphy- 
lococcal wound infections in ward patients 
operated upon by senior residents as com- 
pared with statistics on the private patients. 
The significance of this observation is 
clouded by multiple variables in these two 
groups of patients. These include differences 
in economic status, duration of stay in the 
ward preoperatively, hospital accommoda- 
tions, race, time required for the surgical 
procedure, and the type of surgical disease. 
The existence of this difference in infection 
rates, however, points to the need in resident 








530 Surgery, Gynecology ¢ Obstetrics - May 1960 


TABLE II.—STAPHYLOCOCCAL INFECTIONS IN MED- 
ICAL PATIENTS 
Per cent phage type 


1956 1957 1958 80/81 
Hospital related 
medical infections... 58 53 68 71 
Hospital related 
pneumonia......... 1 3 Fa 83 
Hospital unrelated 
pneumonia......... 0 6 13 37 


training for emphasis on the fundamentals of 
surgical technique and wound physiology 
which too often can be forgotten in the resi- 
dent’s desire to perform as many compli- 
cated operations as possible during the sen- 
ior year of his training. 

Contaminated surgical wounds. These wounds 
include chronic ulcerations, extensive trau- 
matic wounds, and wounds in which there 
has been long continued drainage, in which 
it was believed that the staphylococcal sepsis 
was in some way related to hospitalization. 
As shown in Table I, there has been a nu- 
merical increase in this group from 28 in 
1956 to 50 and 49 respectively in 1957 and 
1958. It is possible that this increase is due to 
greater efficacy in reporting these cases. In 
41 per cent of them, the staphylococcus was 
of the 80/81 strain. In many, there was a 
polybacterial flora. It is doubtful that this 
type of wound sepsis can ever be completely 
eliminated because of the nature of the 
wound itself. This does not mean, however, 
that every effort to maintain surgical asepsis 
of these wounds under present facilities 
should not be maintained. Because a wound 
is obviously contaminated in no way excuses 
its treatment with anything other than the 
same strict sterile technique and attention 
which would be given to a clean surgical 
wound. 


STAPHYLOCOCCAL 
PATIENTS 


INFECTIONS IN MEDICAL 


A great majority of these infections were 
cutaneous lesions ranging from pustules to 
carbuncles. Many of these individuals had 
had prolonged periods of observation and 
hospitalization and frequently were bedfast. 
It is of interest to note that although the 


clean surgical wound infection rate de- 
creased appreciably from 1956 to 1958, the 
incidence of these medical infections rose 
from 58 cases in 1956 to 68 cases in 1958 
(Table II). Seventy-one per cent of these 
medical infections were produced by phage 
type 80/81 staphylococcus, the so-called 
hospital strain. This compares with a 53 per 
cent incidence of the 80/81 strain in the 
clean surgical wound infections. ‘These fig- 
ures reaffirm the concept that staphylococ- 
cal disease in the hospital is not the concern 
of any one department but of all. Control 
measures are equally important on all serv- 
ices. If this concept is not accepted in an in- 
stitution, then a reservoir of patients with 
staphylococcal sepsis is created which con- 
tinues to contaminate the hospital environ- 
ment and negate the efforts to control in- 
fection within the institution. 


STAPHYLOCOCCAL PNEUMONIA 


During the 3 years of our study, 38 pa- 
tients with staphylococcal pneumonia have 
been observed. Nineteen of these patients 
were admitted with the disease and had had 
no previous institutional contact. The cri- 
teria for diagnosis were positive x-ray find- 
ings of parenchymal involvement and spu- 
tum cultures which were predominantly 


coagulase positive staphylococci. None of 


the cases of staphylococcal pneumonia was 
of the lobar variety, and all showed patchy 
areas of consolidation, typical of broncho- 
pneumonia. The over-all mortality rate of 
this group was 39 per cent which is approx- 
imately the same mortality rate observed in 
the preantibiotic era. 

The incidence of staphylococcal pneu- 
monia in hospitalized patients was extreme- 
ly low (.001 per cent), and, despite the lack 
of comparative figures, it would appear that 
there has been no increase in the incidence 
of this highly lethal staphylococcal disease in 
the antibiotic era in this institution. 

Staphylococcal pneumonia in nonsurgical pa- 
tients. As illustrated in Table II, there has 
been a total of 6 cases of staphylococcal 
pneumonia in the 3 year period in hospital- 
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ized medical patients. The 80/81 strain was 
responsible for 5 (83 per cent) of these 6 
staphylococcal infections. 

It is interesting to note that there were 19 
patients admitted with staphylococcal pneu- 
monia who had had no previous institution- 
al contacts. As illustrated in Table II, 13 of 
these 19 patients were admitted in 1958, 6 in 
1957, and none in 1956. In this group, 7 or 
37 per cent were caused by the 80/81 strain. 
Whether this increase in the number of pa- 
tients admitted from the community with 
staphylococcal pneumonia is of significance 
must be determined by the experience of 
subsequent years. 

Two of the patients in this group were 
under 35 years old and had a fulminating 
course, complicating an influenza-like ill- 
ness. Five patients were over 65, and 6 had 
severe underlying disease, such as cerebral 
thrombosis, congestive heart failure, or se- 
vere malnutrition and avitaminosis. 

Staphylococcal pneumonia in surgical patients. 
During the 3 year period, there were 13 
cases of staphylococcal pneumonia occur- 
ring postoperatively in surgical patients 
(Table I). This represents an incidence of 
.02 per cent. The 80/81 strain was the re- 
sponsible organism in 10 of these 13 pa- 
tients (77 per cent). Nine of these patients 
had been given an anesthetic by an endo- 
tracheal tube, and 4 had received a local or 
spinal anesthetic. Nine of them had been 
hospitalized 1 to 3 weeks prior to surgery. 

It would appear that, in this small group 
of patients, prolonged preoperative hospital 
stay and the use of endotracheal anesthesia 
played a role in the development of postop- 
erative staphylococcal pneumonia. Of the 4 
patients who were operated on promptly 
after admission, in 2 staphylococcal wound 
infections had developed prior to the devel- 
opment of the pneumonia. 

Antibiotic treatment of staphylococcal pneu- 
monia. Chloramphenicol alone or in combi- 
nation with novobiocin seemed to be the 
most effective therapeutic agent. However, 
despite intensive therapy, the mortality rate 
for the whole series was 39 per cent. More 


TABLE III.—STAPHYLOCOCCAL INFECTION IN HOS- 
PITAL PERSONNEL 


1956 1957 1958 


SIMMER TMINEEN Se coe ve viedn wesc 64 41 46 
GraSGE BUI. 5. cee cincnsees 15 5 4 
SH So as). oo winless Wew nn ae near 15 9 13 
CMs ia caceneeecuwendenn ees 5 2 2 

POM eedekasercuserecerannls 99 57 65 


TABLE IV.—HOSPITAL UNRELATED STAPHYLOCOC- 
CAL DISEASE 

1956 1957 1958 

COE ELECT CCU CCE 87 144 184 

Per cent phage type 80/81........ 16 28 27 


recently, we have been impressed with the 
value of kanamycin in this disease. 


STAPHYLOCOCCAL INFECTIONS IN HOSPITAL 
PERSONNEL 

Staphylococcal disease in hospital person- 
nel is of major significance in the over-all 
problem of cross-infection. ‘There is no doubt 
that patients can become infected by such 
contacts and in turn transmit staphylococcal 
disease to other patients and personnel. As 
illustrated in Table III, the majority of 
these infections occurred in student nurses 
who have the most intimate patient contact. 
We have previously reported (1) that two- 
thirds of these infections have occurred on 
body areas exposed to contact contamina- 
tion in nursing uniform, i.e., hands, wrists. 
forearms, head, and neck. It is also true that 
among hospital personnel the student nurse 
is the individual who has most recently en- 
tered the hospital environment and, there- 
fore, theoretically could have the least indi- 
vidual resistance to the organism. The 
staphylococcal cutaneous infection rate in 
student nurses in 1956 was 24 per cent and in 
1958, 17 per cent. Among graduate nurses, in 
1956 there was a staphylococcal cutaneous 
infection rate of 8 per cent and in 1958 of 
2 per cent. Among residents and interns, in 
1956 there was a staphylococcal infection 
rate of 6 per cent and in 1958 of 5 per cent. 
The infection rate in nonprofessional hospi- 
tal workers and staff physicians was essen- 
tially negligible. ‘These infection rates mirror 
once more the presence of the organism in 
the hospital environment and the essential 
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need for constant education of personnel in 
the importance of sound sterile technique 
both during and after patient contact. These 
infections in personnel almost without ex- 
ception consisted of furuncles. None of the 
personnel was seriously ill. All personnel 
with infection were treated in a central clin- 
ic which is a most important factor in the 
over-all management of the problem, and 
all were relieved of duty without financial 
penalty until the infection had cleared. 
Antibiotics were rarely used. 

It is also of interest that in 1956, 80 per 
cent of the staphylococcal infections in per- 
sonnel were caused by the 80/81 strain of 
staphylococcus. In 1958, 69 per cent of the 
infections were a result of this strain. 

The incidence of boils among interns, resi- 
dents, and nurses has been a problem of 
some degree in institutions for many years. 
Certainly, it did not begin with the so-called 
antibiotic era. It is doubtful that such infec- 
tions can ever be completely eliminated but 
the incidence can be appreciably lessened 
by proper technique and management. 


HOSPITAL UNRELATED STAPHYLOCOCCAL DIS- 
EASE 

These cases represent patients admitted 
for the treatment of staphylococcal disease 
without previous hospital contact of any 
type. As illustrated in Table IV, 87 of these 
patients were admitted in 1956, 144 in 1957, 
and 184 in 1958. In 1956, there was a 16 
per cent incidence of the 80/81 strain in 
these patients while, in 1957 and 1958, the 
incidence of infection with the 80/81 strain 
rose to 28 per cent. 

One cannot avoid being impressed by the 
fact that over twice as many patients were 
admitted from the community with staphy- 
lococcal disease in 1958 as in 1956. It is a 
reasonable assumption that the community 
incidence of staphylococcal disease has ap- 
preciably increased during this 3 year 
period. It is likewise possible that the so- 
called hospital strain (80/81) is now present 
in the community to a greater degree. 

These cases present a particular problem 


when one is attempting to eliminate the 
organism from the hospital environment. 
With a large community reservoir of staphy- 
lococcal disease (184 cases admitted in 
1958), there is a constant flow of heavily con- 
taminated patients into the hospital. It is 
impossible to protect the institutional en- 
vironment under these circumstances with- 
out a separate facility for all patients with 
infection. ‘This problem will be discussed 
briefly under observations on control. 


ANTIBIOTIC RESISTANCE 


In a previous article (1), we presented the 
antibiotic resistance pattern of the organ- 
isms present in hospital acquired staphylo- 
coccal disease, using the tube dilution 
technique. The 80/81 strain at that time 
showed a 90 to 100 per cent resistance to 
penicillin, tetracycline, streptomycin, and 
erythromycin. This strain was highly suscep- 
tible to chloramphenicol, novobiocin, baci- 
tracin, and neomycin. 

The antibiotic resistance pattern of these 
80/81 organisms 2 years later is to be the 
subject of a separate article. The 80/81 
strain continues to show almost complete re- 
sistance to penicillin, tetracycline, strepto- 
mycin, and erythromycin and, in addition, 
there is a definite trend of increased resist- 
ance to chloramphenicol and novobiocin. 
Bacitracin and neomycin retain their effec- 
tiveness and kanamycin and spontin show a 
minimal incidence of resistance. 

These results point once more to the fact 
that with increased usage of antibiotic 
agents there is a concomitant increase in 
strains resistant to them. Antibiotics which 
are limited in usage by virtue of toxicity 
(bacitracin, neomycin) or by the necessity 
for parenteral administration (kanamycin, 
spontin) maintain their efficacy. 

The use of antibiotic agents in surgical 
patients has unquestionably been of inesti- 
mable value in lowering surgical morbidity 
and mortality. Unfortunately, they have 
been administered in many patients in 
whom there has been little, if any, indication 
for their usage. This has been particularly 
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true when they are used prophylactically in 
“clean” surgical cases and in infections of 
various types of mild to moderate degree. In 
the great majority of surgical infections, an- 
tibiotics are of an adjunctive nature and 
play a secondary role to basic surgical treat- 
ment. Attempts to use antibiotics in the 
treatment of infections such as peritonitis 
without correction or control of the cause of 
the infection, or in soft tissue infections 
without adequate drainage are certain to 
result in failure. Selection of the antibiotic 
to be used, its dosage, and the duration of 
therapy must be based on a combination of 
adequate bacteriologic culture and sensitiv- 
ity studies and clinical experience. In pa- 
tients with severe infections requiring anti- 
biotic therapy before cultures can be report- 
ed, a thorough knowledge of the antibiotics 
available and of the organisms most likely 
causing the infection is invaluable. 

Limitation of the use of certain antibiotics 
within an institution has been effective in 
certain instances but, of course, is of no 
value in the control of usage in the medical 
community at large. It is our belief that 
further education in antibiotic usage at both 
the undergraduate and graduate level is 
needed. ‘‘Newer antibiotics” are needed far 
less than a better understanding of the 
agents now being used. 


OBSERVATIONS ON CONTROL 


The over-all problem of the prevention of 
infection of hospital patients with staphylo- 
cocci is one which involves every aspect of 
hospital care. The environmental aspects of 
this problem have been well documented by 
Walter and others, particularly in regard to 
the effects of hospital housekeeping tech- 
niques and air-conditioner maintenance. Of 
equal importance is the technique of hospi- 
tal personnel and the management of pa- 
tients with infection. The actual surgical 
technique used and the wound environment 
created as a result of it are of real signifi- 
cance in reference to the problem of staphy- 
lococcal infections in surgical wounds. As 
previously stated, a functioning, competent 


committee on infection is of inestimable val- 
ue in correlating the multiple moves which 
must be made in order to accomplish an ef- 
ficient control program. One of the commit- 
tee’s most important duties is that of educa- 
tion and its ability to instill in hospital per- 
sonnel a sense of personal responsibility in 
the prevention of infection in the patients 
under their care. No institution can make 
the statement, “we have no infections,” 
without evidence that infection is constantly 
being searched for in both in-patients and 
out-patients. 

During the past 3 years, a large number of 
various antiseptic agents have been de- 
veloped which have been recommended for 
use in paints, sprays, linens, waxes, laundry 
rinse water, and the like. ‘There is hardly a 
hospital department which has not been 
urged to use one of these agents as a part of 
its technique. Unfortunately, the great 
majority of these agents have not been sub- 
jected to adequate control studies on a 
clinical level. There is little doubt that they 
will kill organisms in the laboratory but 
whether they will be of any value in actual 
clinical practice is unknown. All of them 
add to hospital costs and, generally speak- 
ing, their use is unwarranted until better 
evidence of value is forthcoming. 
OPERATING ROOM TECHNIQUE 

There should be regular bacteriologic 
surveys of the efficacy of the various sterili- 
zation procedures used in the operating 
room. Our own studies have not shown any 
defect in sterilization procedures over the 
past 3 years. This does not mean that a 
defect in sterilizing equipment cannot 
occur. This regular bacteriologic control 
also emphasizes to the personnel responsible 
for operating room supplies and for steriliza- 
tion the importance of their duties. 

Scrubbing technique. ‘The preparation of the 
hands and forearms of operating room 
personnel for the surgical procedure is as 
important as the sterilization of the instru- 
ments used. Preoperative scrubbing was 
initiated for a two-fold purpose. One is 
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adequate mechanical cleansing of the skin 
with the removal of dirt, debris, and sebum, 
and the second is the application of an 
effective germicidal agent to the clean skin 
after the mechanical cleansing. Whether 
these two purposes are accomplished by a 
soap containing a germicide or by plain 
soap followed by a germicide is not of great 
importance. It is important, however, to 
insist on an adequate period of scrubbing 
and we consider this to be 10 minutes. ‘This 
is particularly true in an institution where 
students, student nurses, residents, and 
interns in addition to graduate personnel 
are working in the operating room. The 
importance of personal hygiene should also 
be emphasized to all personnel, and every- 
one working in an operating room should 
have a shower at the beginning of the 
operating day. Adequate mechanical cleans- 
ing of the patient’s skin by scrubbing prior 
to the application of a germicidal agent is 
an integral part of the scrubbing technique. 
A thorough cleansing shower should be 
taken by all patients on the evening prior to 
operation when this is possible. 

Personnel and patients with infection. As 
previously stated, no one with clinical in- 
fection should be allowed to work in the 
operating room. ‘This should also apply to 
personnel with respiratory infections. Pa- 
tients with clinical staphylococcal infection 
under no circumstances should have elec- 
tive surgery of any type. It has been our 
experience and that of others that there is a 
high incidence of staphylococcal wound in- 
fection in these individuals even though the 
incision may be well removed anatomically 
from the area of infection. At the present 
time, it is our feeling that any such elective 
surgical procedure should be delayed for 2 


to 3 months after the complete healing of 


the staphylococcal lesion. 

Anesthesia department. Anesthesia equip- 
ment should be subjected to the same rigid 
bacteriologic control studies as other oper- 


ating room equipment. ‘The technique of 


the anesthetist must be of the same high 
level as that of other operating room 
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personnel, and the same attitude toward 
members of the department with clinical 
infection must be enforced. ‘Tubing and 
masks must be thoroughly cleansed with 
detergent germicidal solutions between uses. 

Surgical technique and wound technique. ‘Vhere 
is little doubt that careless or ill-advised 
surgical and wound technique can create an 
environment in which infection is much 
more likely to develop. ‘The rough handling 
of tissues, large bites with hemostats, and 
unnecessary tying of multiple small vessels 
which will spontaneously clot—all create 
circumstances enhancing the possibility of 
infection. ‘The use of catgut which is a strong 
tissue irritant should be minimized and, 
when necessary, the finest grade possible 


should be used. The use of interrupted wire | 
technique throughout in the closure of the | 


parietes is of value. Saline lavage of both the 
depths and the superficial layers of the 
wound should be carried out to remove 
blood clots and tissue debris. ‘The handling 
of sharp instruments and needles with the 
fingers can result in multiple glove perfora- 
tions which, in turn, can unquestionably 
contaminate the wound. Many glove perfor- 
ations can be prevented by proper tech- 
nique. Needles should always be handled 
with tissue forceps, and nurses and _assist- 
ants can be trained to handle sharp re- 
tractors and towel clips without exposing 
the glove to the danger of tearing. 

In contaminated cases such as_ bowel 
surgery, the “towel technique” should be 
used. By this technique, the wound is pro- 
tected with additional drapes from con- 
tamination occurring as the result of the 
opening of the bowel, and all instruments 
used in the anastomosis are segregated from 
those which are to be used in the closure o! 
the wound. In addition, after the contami- 
nated portion of the procedure, the surgeon 
and his assistants change gown and gloves. 
The suture nurse has not become con- 
taminated during the procedure and, as a 
result, the parietal wound is protected from 
the contamination which is certain to occur 
il this technique is not used. 
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Local use of antibiotics in surgical wounds. The 
local use of certain antibiotics is of real 
value in certain surgical procedures. ‘This is 
particularly true in surgical operations in 
which there has been of necessity some 
bacteriologic contamination of the perito- 
neum, pleura, and soft tissue wounds as a 
result of the surgical procedure. Pulaski has 
called this method of using antibiotics 
locally “‘discriminate antibiotic prophy- 
laxis.’ This applies particularly to large 
and small bowel surgery and to pulmonary 
resections of various types. At the time of 
closure, the local instillation of antibiotics 
should be carried out in the pleura or in the 
peritoneum and, in addition, the soft tissue 
wound should be flooded with this solution. 
If contamination has occurred at this time, 
the organisms are still lying superficially in 
the wound and, with the antibiotic concen- 
trations that are used, are highly susceptible 
to them. Penicillin (1,000,000 units) and 
streptomycin (1 gram) in 60 cubic centi- 
meters of solution are commonly used in the 
peritoneal and pleural cavities. One must, 
of course, be certain that there is no history 
of penicillin sensitivity. The decision as to 
the use of antibiotics locally in the con- 
taminated surgical wound must be individ- 
ualized. The proper application of this 
technique can definitely result in decreased 
morbidity and, on occasion, mortality. 

Masks and drapes. Surgical masks in com- 
mon use are notoriously ineffective, and the 
longer they are worn the less protection is 
afforded to the environmental air over the 
operating table from the exhalations of the 
surgical personnel. Efforts to improve this 
situation have been made by other investi- 
gators. In most instances, the industrial 
type masks are uncomfortable, and their 
cost has been prohibitive. Surgical proce- 
dures are difficult enough without adding 
to them an uncomfortable mask which is a 
source of constant annoyance. Various 
groups are working on this problem at the 
present time and it is hoped that an ac- 
ceptable, improved surgical mask will be 
available in the not too distant future. 
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Protection of the surgical wound from the 
surrounding skin has depended on the use 
of towels of various types for many years. As 
the procedure goes on, these towels become 
moist and, of course, readily pass bacteria 
from the patient’s skin to their surface. The 
significance of the role which the patient’s 
skin organisms play in the development of 
wound infection is unknown except in those 
individuals who have already established 
cutaneous infection at the time of the 
surgical procedure. ‘The use of a_ plastic 
drape, adhered to the skin by an adhesive 
substance, or of a plastic solution sprayed 
directly on the surrounding skin has been 
recommended. Both of these measures 
could be effective agents in protecting the 
incision from the flora of the patient’s skin. 
It is important to realize that if the plastic 
drape is used, then the wound should be 
closed with the drape undisturbed since 
peeling it back for skin closure negates 
what benefit might have accrued in pro- 
tecting it from the skin about the wound 
during the operative procedure. Inclusion 
of these agents in surgical technique theo- 
retically would appear to be desirable. 
However, at present, there is to our knowl- 
edge no adequate control study which 
would point to their efficacy. In institutions 
where their additional cost would not be a 
significant factor, their use is warranted. In 
larger institutions, we doubt the wisdom of 
using this type of technique without better 
evidence as to its value. 

ISOLATION OF INFECTED PATIENTS 

As previously stated, there is a constant 
seeding of the hospital environment with 
patients admitted with staphylococcal dis- 
ease. In addition, the environment is also 
contaminated by those individuals in whom 
staphylococcal infection develops during 
their period of hospitalization. ‘There is 
little doubt that if true physical isolation of 
all individuals with infection within an 
institution could be carried out, the over-all 
incidence of hospital related infection would 
fall. This isolation at present in most in- 
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stitutions consists of barrier nursing in pa- 
tients with staphylococcal pneumonia and 
those with severe wound or cutaneous in- 
fections. Patients with less severe degrees of 
infection are not isolated. Although this 
particular technique is better than no 
attempt at isolation at all, it obviously is a 
most deficient one. It would be similar to an 
isolation technique in severe cases of scarlet 
fever with the exclusion from isolation of 
those patients who have what appear to be 
only moderate cases of the disease. Effective 
isolation demands physical facilities which 
are entirely separate from the remainder of 
the institution and this separation, of course, 
should also include personnel. It would also 
demand that, within the isolation unit, pa- 
tients with minor infections such as fu- 
runcles would not be in intimate contact 
with those with staphylococcal pneumonia 
and other severe staphylococcal infections. 
At the present time, in the great majority of 
institutions, this program is impossible not 
only on the basis of physical facilities but 
because of increased costs. However, it is an 
aspect of the problem of staphylococcal 
disease which must be considered and it 
would be of real value in solidifying the 
attitude toward isolation if studies could be 
initiated in several large institutions on the 
results of such a program. The hospital 
architect of the future must consider such a 
unit as some part of his planning. 


DRESSING CARRIAGE TECHNIQUE 


In a previous report (1), we stated our en- 
dorsement of having a dressing carriage at 
all times in the charge of an experienced 
graduate nurse. This program has been 
continued throughout the 3 year period, 
and we still believe that it is animportant 
part of improvement in surgical technique. 
The nurses in charge of these carriages are 
included as members of the infection com- 
mittee and are invaluable because of their 
constant contact with surgical wounds 
throughout the institution. Their presence 
in charge of the carriage ensures the fact 
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that cultures will be taken by less experi- 


enced personnel such as interns and resi-| 
dents whenever necessary. The contamina-| 


tion of the environment with dirty dressings 


is avoided. Contaminated dressings should | 


be placed in paper bags and burned im- 
mediately. Contaminated instruments are 
likewise placed in paper bags and are 
autoclaved before washing. By using this 
technique, there have been no staphylo- 
coccal infections in our central supply room 
personnel in over 3 years despite the fact 
that these individuals clean and package all 
instruments used throughout the institu- 
tion. These nurses are also of great value in 
instructing interns and residents in proper 
aseptic technique in dressing wounds of 
various types. 


SUMMARY 


A 3 year experience with staphylococcal 
disease observed in a large general hospital 
has been presented. It is our belief that 
basic research on the mode of transmission 
of the organism and its virulence is needed. 

The successful prevention of infection in 
hospital patients depends upon a multiplic- 
ity of factors. The foundation of successful 
prevention depends on well informed per- 
sonnel who are impressed with the im- 
portance of their personal technique in the 
program. The question of whether or not 
hospital related staphylococcal infection has 
increased in the past 10 years is no longer a 
significant one. The important question as 
of now is what is being done to learn of its 
mechanism and epidemiology and of the 
techniques which will prevent it. 


REFERENCES 


1. Caswe.t, H. T., Scureck, K. M., Burnett, W. E., 
CarrRINGTON, E. R., LEARNER, N., Street, H. H.,, 
Tyson, R. R., and Wricut, W. C. Bacteriologic and 
clinical experiences and the methods of control o/ 
hospital infections which are due to antibiotic re- 
sistant staphylococci. Surg. Gyn. Obst., 1958, 100: 

2. Putaskt, E. J. Discriminate antibiotic prophylaxis in 
elective surgery. Surg. Gyn. Obst., 1959, 108: 385- 
388. 

3. Watrter, C. W. The hazards of antibiotic therapy. 
Pennsylvania M. J., 1959, 62: 532-536. 


ELE 
IN- 
POI 


CARI 
0. T 


it 3 
pern 
entre 
by de 
and 
ligat 
cula 
cent 
mint 
—5i 
redu 
of bl 
tribt 
and 
the « 
pict 
sudc¢ 

It 
twee 
elec 
segn 
cent 
utes 
of k 
with 
elec 
per 
chai 
eral 
subse 
nary 
chai 
a st 
epic 


Fro 
of the 
Aires, 

1Po 
elevat 





cperi- 
resi- 


nina-| 


ssings 


10uld | 


1 im- 
S are 
| are 
r this 
hylo- 
room 
> fact 
ge all 


stitu- | 


‘ue in 
roper 
ds of 


occal 
spital 
that 
ission 
eded. 
on in 
‘iplic- 
essful 
| per- 
> im- 
n the 
r not 
n._ has 
wer a 
on as 
of its 
f the 


W. E., 
B. Hi, 
gic and 
itrol of 
otic re- 
8, 106: 


laxis in 


B: 385- 


herapy. 


ELECTROCARDIOGRAPHIC AND HUMORAL CHANGES 
IN TRANSIENT OCCLUSION OF THE 


PORTAL VEIN IN ‘THE DOG 


CARLOS TANTURI, M.D., F.A.C.S., R. H. MEJIA, M.D., J. F. CANEPA, Ph.D., and 


0. T. GOMEZ, M.D., Buenos Aires, Argentina 


Ir HAS BEEN SHOWN previously (3) that 
permanent occlusion of the portal vein at its 
entrance to the liver in the dog is followed 
by death within an average period of 2 hours 
and 5 minutes. Thirty minutes after the 
ligature has been placed, the effective cir- 
culating blood volume is reduced to 40 per 
cent of the initial value. At the end of 90 
minutes a further reduction has been found 
—57 per cent of the initial value (2). The 
reduced blood volume is due to stagnation 
of blood in the splenogastrointestinal area, a 
tributary of the portal vein. ‘This sudden 
and progressive hypovolemia explains why 
the concept of shock has been applied to the 
picture presented by animals succumbing to 
sudden portal occlusion. 

It has been also demonstrated that be- 
tween 10 and 40 minutes after ligature the 
electrocardiogram showed depression of ST 
segments and inverted T waves in 100 per 
cent of the cases. Between 35 and 60 min- 
utes in aVL leads, an increased prominence 
of both point J’ and ST segment together 
with ‘T wave inversions are registered in the 
electrocardiogram in the tracings of 63.62 
per cent of the animals. In all cases, the 
changes registered in the electrocardio- 
gram are similar to the basic pattern of 
subendocardic ischemia due to acute coro- 
nary insufficiency. In many instances, a 
change in the pattern develops, representing 
a stage beyond ischemia, so a diagnosis of 
epicardial injury of the high lateral region 


From the Laboratory of Experimental Pathology and Surgery 
of the Medical School of the University of Buenos Aires, Buenos 
Aires, Argentina. 

'Point J is the union between the S and T waves. When J is 
elevated, it suggests myocardial injury. 


of the left ventricle has been made in 63.62 
per cent of the cases. 

In view of the fact that in the majority of 
animals with acute total occlusion of the 
portal vein the electrocardiographic changes 
appeared early, the possibility of producing 
the epicardial injury by means of a transient 
occlusion of the portal vein was considered. 
METHOD 

‘Twelve dogs of from 8 to 24 kilograms in 
weight were operated upon under aseptic 
surgical technique. Nembutal administered 
intravenously in a dose of 32 milligrams per 
kilogram was used as anesthesia. After a 
laparotomy, the portal vein was isolated and 
a ligature placed around the vein just above 
its junction with the pancreatic vein. Oc- 
clusion of the portal vein was maintained 
for 45 minutes, then released, and the ab- 
domen closed. The dogs were sent to their 
cages and antibiotics were given during the 
postoperative period, 400,000 units of peni- 
cillin every 24 hours. 

Electrocardiograms were taken at fre- 
quent intervals before the ligation, after 15, 
30, and 45 minutes, and soon after the vein 
was released. The conventional leads of 
Einthoven, the unipolar limb-leads of Gold- 
berger, and the precordial leads of Wilson 
were employed. The electrocardiographic 
studies were followed subsequently every 
24 hours, until the fifth postoperative day. 
Arterial blood pressure was recorded through 
the femoral artery by direct manometric 
readings before, during, and after the oc- 
clusive period of the portal vein. 

In these animals, the glutamic-oxalacetic 
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Fic. 1. Variations of systolic blood pressure in 12 dogs 
subjected to a 45 minute period of occlusion of the portal 
vein. L. V. P., ligation of portal vein; A. L., ligature re- 
leased. 


transaminase (G.O.T.) activity of plasma 
was also studied by following the technique 
of Sall and associates. Blood samples were 
collected before operation and every 24 
hours until the fifth postoperative day. 
RESULTS 

‘The transient occlusion of the portal vein 
for a period of 45 minutes is not followed by 
death. Variations in the systolic blood pres- 
sure are similar to those found in the per- 
manent ligation of the vein. Fifteen minutes 
after the occlusion has been released, the 
systolic blood pressure attains almost its 
original levels (Fig. 1). 








TABLE I.—VARIATIONS OF PLASMA CONCENTRA- 
TION OF G.O.T. (UNITS PER MILLILITER) 
Dog No. Before 24 hrs. 48 hrs. 72 hrs. 96 hrs. 
ee ee ee eee ee ee eee 
40 53 123 124 8.1 8.1 
41 47.5 280 217 is eg 30.2 
44 74 145 107 140 
45 12 301 205 “= 172 
49 70 198.5 104 53 54.5 
venene OT ee = 
43 33.2 115 435.5 14.2 69.5 
50 36.7 51 173 109 99 
51 89 113 203 94 101.5 
caninenlinaieiannninnineniaies Se 
42 46 48.7 91.5 16.2 46.3 
46 81 98 10 17 _ 
47 ¥225 168 WW 35.7 _- 
48 89 102 98 49 _ 





Group a. Animals with infarct which developed during the occlusive 
period. 

Group b. Animals in which a late myocardial infarct developed. 

Group c. Animals in which myocardial infarct did not develop. 
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The electrocardiographic changes were 
also similar to those found in the permanent 
occlusion of the portal vein. All cases showed 
the basic pattern of subendocardial is- 
chemia, and, in 5 cases out of 12, a pattern 
of epicardial injury of the high lateral region 
of the left ventricle was registered. In some 
cases the subendocardial ischemia almost 
disappeared once the ligature was drawn, but 
the electrocardiographic changes related 
to the epicardial injury still remained on the 
following days with slight variations of in- 
tensity (Figs. 2 and 3). 





Seven animals which have not shown | 
signs of epicardial injury followed two dif- | 


ferent patterns. Four out of 7 showed normal 
electrocardiographic tracings in the course 
of the following days. The remaining 3 dogs 
showed an accentuation of their subendo- 
cardial lesion which was most prominent in 
the second postoperative day, and, in 2 of 
them, signs of late epicardial lesion were 
registered at this time. ‘These changes were 
still present when the animals were sacri- 
ficed at the end of the fifth postoperative day. 

The G.O.T. activity of the plasma paral- 
leled the electrocardiographic changes. In 
the 5 animals in which the signs of epicar- 
dial injury appeared during the period of 
portal occlusion, a considerable increase of 
G.O.T. in the plasma was found early at 24 
hours after operation, followed by a slow 
decline in the subsequent days. In the group 
of 4 dogs which have not shown signs of 
myocardial infarct during the course of the 
experiment, no increase above normal val- 
ues of G.O.'T. was observed at any time. In 
the 3 animals with accentuated subendo- 
cardial ischemic lesion which was registered 
late (48 hours after the vein was released) 
an increase of the G.O.T. activity of the 
plasma was found in 2 of them coincident 
with the electrocardiographic pattern of 
epicardial ischemic lesion (Fig. 4 and 
Table I). 


COMMENT 


It is known that the G.O.T. activity of the 
plasma increases in patients with myocardial 
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Fic. 2. Dog 43. Electrocardiogram in a case of transient 
occlusion of the portal vein in which the existence of 
signs of injury is shown. 


infarct and a concordance between electro- 
cardiographic changes and variations of the 
enzyme in the blood has been described. On 
the contrary, in the myocardial ischemia of 
the transient type (angina) G.O.T. levels 
are unchanged. In experimental coronary 
occlusion in the dog, an increase of 2 to 20 
times of G.O.T. has been observed, but in 
the acute coronary insufficiency with sub- 
endocardial ischemia, blood G.O.T. changes 
are not so conspicuous. It is claimed that 
when necrosis of myocardial fibers is present 
the increase of G.O.T. in the blood is in ac- 
cordance with the size of the myocardial 
area injured. The enzyme is released into 
the general circulation by the dead myo- 
cardial cells. 

Some of the dogs showed only signs of 
diffuse subendocardial ischemia without 
changes in: the G.O.T. activity of plasma, 
but other animals presented a late increase 
of the G.O.T. blood levels coincident with 
the electrocardiographic signs of a late 
epicardial lesion, all of which points out the 
existence of a real myocardial necrosis. 

If our results are analyzed according to 
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Fic. 3. Dog 46. Electrocardiogram in a case of transient 
occlusion of the portal vein in which only signs of suben- 
docardial ischemia are shown. 


the classic electrocardiographic criteria, the 
tracings obtained in our experiments can be 
interpreted as exponents of diffuse subendo- 
cardial ischemia and of epicardial lesion or 
necrosis of the high lateral region of the left 
ventricle. In view of the fact that the varia- 
tions of the G.O.T. activity of the plasma 
closely paralleled the myocardial changes, 
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Fic. 4. Variations of plasma concentration of G.O.T. 
in 3 experiments of transient ligation of the portal vein. 
Dog 51 shows the G.O.T. plasma level increased coinci- 
dent with an electrocardiographic tracing of a late myo- 
cardial infarct. In dog 42, infarct did not develop, which 
fact is coincident with the G.O.T. curve. 
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the electrocardiographic pattern has to be 
considered as representative of a myocardial 
infarct. 

The fact that the late myocardial lesion 
appeared in the second postoperative day 
accompanied by an increase of G.O.T. ac- 
tivity of the plasma suggests the existence of 
factors inducing myocardial infarct which 
are set free after a transient circulatory de- 
rangement of the liver. 


SUMMARY 


1. Complete occlusion of the portal vein 
for 45 minutes in the dog is not followed by 
death. Immediately after the ligature is 
placed the systolic blood pressure falls 
abruptly to levels of between 20 to 50 mil- 
limeters of mercury followed by a slow de- 
cline. Fifteen minutes after the ligature has 
been released, the systolic blood pressure 
rises, reaching levels slightly lower than the 
initial values. 

2. During the period of occlusion, electro- 
cardiographic patterns of subendocardial 
ischemic lesions were obtained in 100 per 
cent of the animals. In 41.66 per cent these 
lesions were accompanied by patterns of 
ischemic epicardial lesions of the high an- 
terolateral region of the left ventricle. ‘The 
ischemic epicardial lesion persisted in the 
course of the subsequent days with slight 
variations of electrocardiographic intensity. 

3. In 33.3 per cent of the animals it was 
observed during the following days that the 
subendocardial ischemia almost disap- 
peared, and a normal electrocardiogram was 
obtained at the end of the second postopera- 
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tive day. In 25 per cent of the animals an 
accentuation of the subendocardial lesion 
was registered in the second postoperative 
day, and in 16.6 per cent of the cases signs 
of a late ischemic epicardial lesion appeared 
in the electrocardiogram. 

4. Increased activity of G.O.T. of plasma 
closely paralleled the electrocardiographic 
changes. It is concluded that, in 58 per cent 
of the cases of experimental portal occlusion 
of a 45 minute period, a myocardial lesion is 
produced which has all the characteristics 
of a myocardial infarct of the high antero- 
lateral region of the left ventricle. 

5. The transient complete occlusion of the 
portal vein during a period of 45 minutes in 
the dog is q simple experimental procedure 


to induce a type of myocardial ischemic | 
necrosis with an electrocardiographic pat- | 


tern and humoral changes similar to the 
myocardial infarct found in human beings. 
We suggest the existence of factors inducing 
myocardial infarct which are set free after a 
transient circulatory derangement of the 
liver. 
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COAGULATION CHANGES IN EXPERIMENTAL 


PHLEBOTHROMBOSIS 


HECTOR M. MARIN, M.D., MARIO STEFANINI, M.D., Ph.D., 
RAUNO HEIKINHEIMO, M.D., and FRANCO SOARDI, M.D., Boston, Massachusetts 


IN THE FIRST ARTICLE Of this series (3), it was 
confirmed that, in dogs, the association of 
stasis and of temporary blood hypercoagu- 
lability induced by the intravenous injection 
of homologous serum results in the forma- 
tion of a venous thrombus in the area of 
stasis, even in the absence of appreciable 
lesions of the intima. Once formed, the 
thrombus continues to propagate until the 
venous segment undergoing thrombosis is 
completely occluded. In the present article, 
the chronologic coagulation changes are 
described which occur in a partially isolated 
but not occluded vascular segment during 
the formation and the propagation of a 
thrombus as compared with the status in the 
general venous circulation. Changes in the 
fibrinolytic system will be described subse- 
quently (8). 


MATERIALS AND METHODS! 


A total of 60 dogs was used. Dogs were 
fed Purina biscuits and water ad libitum 
before and during these studies. This num- 
ber does not include animals used in pre- 
liminary work, when blood samples were 
collected by percutaneous femoral vein 
puncture in nonanesthetized dogs, to study 
the influence of anesthesia on the blood 
clotting mechanism. Both femoral and jugu- 
lar veins were exposed under pentothal 
anesthesia. Segments of the jugulars and the 


From the Joseph Stanton Memorial Laboratories, Saint 
Elizabeth’s Hospital, and the Department of Medicine and Sur- 
gery, Tufts University School of Medicine, Boston. 

Supported by grant-in-aid from the Massachusetts Heart 
Association and, in part, by grant H-4396 of the National Insti- 
tutes of Health and U. S. Army Contract DA-49-193-MD-2025, 
Office of the Surgeon General, Department of the Army. 

1In the course of this article, ‘‘segment above ligature’”’ in- 
dicates the area above the ligature distal to the heart and “‘seg- 
ment below ligature” indicates the area below the ligature prox- 
imal to the heart. ““Stenosed segment”’ indicates the area between 
two partially occluding ligatures. 
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left femoral veins were isolated between two 
partially occluding ligatures by the pre- 
viously described technique. The right 
femoral vein was left intact and samples re- 
moved from it represented blood from the 
general circulation. Blood samples were 
collected also from the areas adjacent to the 
stenosed segments. To obtain blood, 17 
gauge needles connected to polyethylene 
tubes, 3 centimeters long, were inserted and 
blood allowed to flow freely into silicone 
coated test tubes. In the case of stenosed 
veins the rate of flow was invariably greater 
in the distal than in the proximal area. 
Needles were then removed and new ones 
reintroduced when further blood samples 
were collected. A temporary hypercoagula- 
bility was then induced with the rapid in- 
fusion of 10 milliliters per kilogram of 
weight of homologous canine serum. Blood 
samples were collected by the same method 
at the end of the serum infusion—15, 30, 
60 minutes, and 24, 48, and °6 hours after- 
ward. Because of the technical difficulties in- 
volved in performing multiple exposures of 
veins and venesections in the same dog, and 
also to avoid removal of excessive volumes 
of blood, 2 groups of animals were studied, 
one in the early phase and the other in the 
late phase, after 24, 48, and 96 hours. 
Several determinations were carried out 
on each sample of blood. Each value given 
in this article represents the average in sam- 
ples collected from at least 2 areas or all 3 
areas at the same time. When needed, plas- 
ma and serum were diluted with veronal 
saline buffer, and plasma was absorbed with 
100 milligrams of barium sulfate per milli- 
liter. Simplastin was used in all determina- 
tions. Constants studied included the plate- 
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Fic. 1. Behavior of platelets before, during, and after 
experimental thrombus formation. GC, General circula- 
tion; A, area above stenosed segment; B, area below 
stenosed segment. First arrow indicates the time of ap- 
plication of ligatures, the second arrow indicates the end 
of infusion of serum. (These signs apply to all figures.) 
Note the fall of platelet count during the infusion of serum 
and the higher platelet count above the stenosed seg- 
ment. 


let count by a direct method, described 
previously (9), and the observations of the 
structure of platelets on smears stained with 
Wright’s stain. The clotting time after re- 
calcification was studied on platelet-poor 
and platelet-rich plasma; the generation of 
thromboplastin with a modification of the 
technique of Biggs and Douglas, using 
cephalin as substitute for the platelet rea- 
gent and diluting the plasma 1:25 and the 
serum 1:10. In other experiments, plasma or 
serum only was from the experimental ani- 
mal and the alternate reagent was from a 
normal anesthetized dog. In the course of 
this article ‘“‘generation of thromboplastin 
in plasma” indicates results obtained when 
plasma was used from the experimental ani- 
mal and serum from an untreated animal; 
“generation of thromboplastin in serum” 
indicates results obtained when plasma was 
used from an untreated animal and serum 
from the experimental animal. The gener- 
ation of thrombin was studied on platelet- 
rich plasma by a modification of the tech- 
nique of Pitney and Dacie. Five-tenths 
milliliter of undiluted plasma was recalci- 
fied with equal volume of 0.025 molar solu- 
tion of calcium chloride. One-tenth milliliter 
aliquots of the mixture were added at 1 


minute intervals to test tubes containing dog 
plasma treated with barium sulfate and 
diluted with 2 volumes of veronal buffer. 
Clotting times were converted into units of 
thrombin by means of a standardized curve, 
which was experimentally prepared by 
plotting the clotting time of deprothrom- 
binized plasma after addition of various 
units of bovine thrombin. Activity and con- 
centration of prothrombin in plasma and 
serum with one and two stage techniques 
(9), prothrombin consumption (9), plasma 
fibrinogen (6), activity in plasma of Hage- 
man (7), and of Stuart factor (1) were de- 
termined by the methods of the investiga- 
tors referred to in parentheses. Activity of 
antihemophilic globulin and plasma throm- 
boplastin component were calculated by 
standard techniques, using plasma of pa- 
tients with severe forms of these diseases as 
substrate. The activity of stable factor (fac- 
tor VII) was determined as proconvertin 
by Owren’s method using plasma or serum 
diluted 1/80. The activity of labile factor 
(factor V) was determined by the method 
of Wolf using plasma diluted 1/80. In order 
to confirm the presence in plasma and serum 
of agents capable of accelerating the con- 
version of prothrombin to thrombin, the 
following technique was also used: Barium 
sulfate treated plasma from the experimen- 
tal dog or native serum was diluted 1/80. 
Two-tenths milliliter of plasma or serum 
was then added to a freshly prepared mix- 
ture containing 0.2 milliliter of a solution 
of purified canine prothrombin? and 0.4 
milliliter of simplastin. One, 2, 4, and 6 
minutes after beginning of incubation, 0.1 
milliliter aliquots of the mixture were then 
transferred to test tubes containing 0.1 mil- 
liliter of a solution of bovine fibrinogen in 


2To prepare purified canine prothrombin, oxalated plasma 
was treated with barium sulfate (25 mgm./ml.). The mixture 
was incubated at 37 degrees C. for 15 minutes with frequent agi- 
tation and then centrifuged. The supernatant was discarded. The 
sediment was washed 3 times with acetate buffer (0.02 M, pu 
5.2) at room temperature and then dissolved in a 5 per cent 
sodium citrate solution in physiologic saline. The final volume 
equalled that of the original plasma. After additional centrifuga- 
tion for 10 minutes, the supernatant was dialyzed overnight 
against water at 4 degrees C., lyophilized and stored at 4 degrees 
C. At the moment of use, a solution was prepared containing 1 
milligram of material in 1 milliliter of veronal saline buffer. 
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4-From area below partial ligature 


bic. 2. The generation of thromboplastin in plasma and serum before, during, and after an ex- 


perimental thrombus formation. 1, After application of ligatures: moderate increase in the genera- 
tion of thromboplastin in proximity of the stenosed segments. 2, End of infusion of serum: marked 
acceleration of generation of thromboplastin in plasma and especially in serum in all segments. 3, 
Thirty minutes later: marked deceleration of the generation of thromboplastin in serum. Note slight 
acceleration in proximity of the stenosed segment when plasma was used. 4, Forty-eight hours later; 
persistent acceleration of the generation o{thromboplastin from areas close to thrombosing segments 
evident especially when plasma from the experimental dog was used. Results with both plasma and 


serum from the experimental animal are very similar but less striking than those observed when 


*“*se- 


rum’ from the experimental dog was used. Therefore, they are omitted for clarity’s sake. In the 
same figure “plasma”? means results with plasma from experimental animals and normal serum. 
“Serum” means results with serum from experimental animals and normal plasma. 
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TABLE I.—GENERATION OF THROMBOPLASTIN DURING THROMBUS FORMATION (ALL DATA ARE BASED TABL 
ON RESULTS IN 6 ANIMALS) 

(a) Plasma and serum reagents from the experimental animal ( 
Incubation Incuba 
time (min.) of After time (n 
reagents for partial Time after infusion of serum aa reagen 
TGV ligature 0 30 min. 7 hr. 48 hrs. 96 hrs. TGT 

(SECONDS) 

GENERAL CIRCULATION = 

1 44.3+7.2 18.2+2.0 49.1+8.2 44.44+8.2 35.146.0 36.345.0 

3 16.2+2.0 13,321;5 20.0+ 2.0 18.32%:2:5 17.7+1.0 16.11.60 

5 13.4215 14.4+1.0 14.4+1.3 13.2:1,0 14.1+0.5 14.0+1.0 

7 13.220.7 18.1+0.5 14.6+2.0 13.4+0.4 14.0+0.4 14.4+0.4 

2 18.0+1.2 20.5+2.0 24.8+3.2 215 1:0 24.941.6 19.841.2 
11 28.4+3.0 30.6+4.3 32.04 2.4 30:6 3:2 32.842.3 28.7+2.0 

ABOVE STENOSED SEGMENT. 

1 38.5+6.0 18.323:0 49.1+12.0 50.4+9.0 30.3+8.0 38.5+4.0 

3 14.3+1.0 14.3+1.0 15.3: 0.5 19.33: 1,0 17.44+1.5 18.6+1.0 

5 13.0+1.5 16.4+0.5 15.4+ 0.3 13.250:5 13.6+0.5 14.8+0.4 

7 13.0+1.0 19.1+0.7 16.52% 1.2 13.14+0.2 14.7+1.0 15.5+0.1 

9 19:32:20 Z1.221,2 24.6+ 2.0 20.0+ 1.3 18.44+1.3 21,.2$1,5 

11 24.44 3.1 34.323.1 30.8+ 4.3 32.05 3:2 28.34+2.4 S20 oe 

a oe I ____________BELOW STENOSED SEGMENT = = see 

1 36.3+5.0 16.5+5.0 46.8+11.0 49.0+6.5 29.3+5.0 28.3+6.5 

3 15.2710 14.3+1.0 16.72 1:5 17.4+1.0 18.0+1.0 19.5+1.0 

5 13.1+0.4 13.1+0.5 14.5+ 0.1 13.7£0.2 14.5+0.1 14.6+0.2 

7 13.0+0.5 18.0+0.1 14.2% 0.5 14.5+0.5 13.4+0.5 14.8+0.4 

9 18.0+1.0 24.0+2.2 1A 1.2 19.1+1.0 18:t 1:2 21.7+1.0 

11 29.442.3 28.1+3.0 Sh2s- 234 28.2+2.1 30.0+2.3 S3.12E5.1 

(b) Normal serum and plasma from the experimental animal ver 
Incubation Cle 

time (min.) of After sen 
reagents for partial Sa ee ee Time after infusion of serum — 
TGT ligature 0 30 min. 7 hr. 48 hrs. 96 hrs. of 
(SECONDS) i ex] 
See ee _______GENERAL CIRCULATION 
1 43.2+6.0 43.2+4.5 40.1+7.0 40.2+9.3 44.34+8.0 48.0+12.2 the 
3 16.7+1.3 15.4+2.0 18.0+3.5 16.0+3.0 17.2+2.4 16.2+ 3.4 j 

5 13:12:10 14.5+1.0 14.2+1.0 14.1+0.5 13.4+1.0 14.4+ 2.0 

7 13.0+0.5 13.1+0.5 14.441.5 14.0+1.0 12.0+0.7 14.04 1.0 stu 

9 17.2+1.0 18.0+2.0 16.7£2.4 16.34+2.0 15.8+3.2 18.14 2.5 An 

ste 22.3322.0 24,.23%:3.5 26.8+3.0 24.144.5 26.144.7 24.0+ 2.5 by 

fro 
eee Sn ABOVE STENOSED SEGMENT. : ni 

1 36.3+5.5 32.5+4.1 38.5+6.0 31.4+6.3 30.5+3.0 31.0+6.5 mi 

> 14.4+1.0 1360.5 14.4+2.0 14.3+0.5 14.6+1.0 16.1+2.0 

5 13.8+0.5 13.8+1.0 14.1+1.0 13.1+1.0 14.1£0:5 14.0+1.0 tul 

7 13.1+1.0 15.1+0.5 15.0+1.0 13.0+0.4 14.34+1.0 14.3+0.5 Or 

9 18.0+0.5 21.8+2.0 18.0+2.0 16.5+1.0 18.5+2.0 20.4+ 2.0 

11 27.8+3.4 30.0+3.0 28.242.5 30.7+4.0 27.6+3.0 31.1+3.0 pl. 

| Ine 
TI 
BELOW STENOSED SEGMENT. : . to 

1 39.5+7.0 30.34+4.3 37.542 32.3+7.8 30.3+ 4.0 S7.246.2 

3 13.2+1.0 13.5+0.5 14.3+1.0 15.4+1.0 15.0+1.0 17.142.0 | pl 

5 13,120;2 13.1--0;2 14.4+0.4 13.6+0.4 14.1+0.4 13.0+0.5 

7 16.0+1.0 16.3+1.0 17.1+0.7 13.8+0.2 14.3+0.7 13.4+0.8 

9 18.2+2.5 24.1+1.5 21.0+1.0 18.1+2.0 19.4+2.0 20.9+2.0 sé) 

11 30.34 4.4 31.0+3.0 27.1£9.0 31.0+4.0 30.7+ 4.0 29.1+ 4.0 di 
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TABLE I.—GENERATION OF THROMBOPLASTIN DURING THROMBUS FORMATION (ALL DATA ARE BASED 
ON RESULTS IN 6 ANIMALS)—Continued 


(c) Normal plasma and serum from the experimental animal 

















Incubation 

time (min.) of After 

reagents for partial e Time after infuston of serum ____ - —s 

TGT ligature 0 30 min. 7 hr. 48 hrs. 96 hrs. 

(SECONDS) 
GENERAL CIRCULATION ” 
1 45.0+7.0 1G.ALZS 58.0+ 13.4 48.8+6.0 47.3+8.5 40.2+7.2 
3 17.2+2.0 11.341.4 20.0+ 3.0 18.7+3.1 19.2$2:5 18.1+2.0 
5 13.4+1.0 15.4+3.0 14.24 1.0 13.51.60 14.4+1.0 14.5+1.0 
7 13.5+0.5 14.5+1.0 14.44 1.5 IS-2E16 14.5+0.5 13.8+0.5 
9 19.72.0 14.0+0.5 16.6+ 2.0 18.1+2.0 19.7+2.0 19.1+1.0 
11 26.14 3.4 24.142.0 28.84 3.5 26.0+ 3.0 28.8+3.7 26.0+2.0 
: + ABOVE SFENOMED SEGMENT eee ae eee 
1 36.5+8.0 15.6+1.0 59.1+12.0 41.8+6.0 46.2+3.0 36.5+5.0 
3 15.3+2.0 114.172.0 24.34 2.0 19.1+3.0 18.3+1.0 19.3+1.0 
5 13.4+1.0 15.3:E2:0 18.2+ 1.0 16.9+1.0 15.5+0.5 15.4+0.5 
7 13.1+0.5 15.1+1.0 20.5+ 2.0 16.0+0.5 15.8+1.0 15.1+0.3 
9 19.0+2.0 19.0+3.0 24.7+ 3.0 25.0+2.0 20.9+ 2.0 21.0+1.0 
11 27.0+ 3.0 32.3+ 4.0 35.9+ 6.0 30.3+3.0 30.2+ 4.0 28.0+ 3.0 
ou Datta Seis a es ________BELOW STENOSED SEGMENT______ a 

1 40.5+8.0 16.542.5 62.0+ 13.7 44.4+8.7 40.1+4.3 39.1+4.5 
3 16.2+2.0 1271.0 26.2+ 3.0 20.5+2.0 19.0+1.0 18.5+1.0 
5 13.4+0.5 15.9+0.5 16.3+ 0.5 15.7+0.5 14.1+0.5 18.7+0.7 
7 13.6+0.3 16.1+1.0 16.2+ 1.0 15.1+0.3 14.1+1.0 20.0+ 2.0 
9 21.0+2.0 21.0+2.0 24.0+ 3.0 26.0+2.0 Pa a A 24.9+2.5 
11 30.14 4.6 31.0+3.0 36.52 3:5 34.6+4.0 32.5+3.0 31.8+4.5 


veronal buffer—1 milligram per milliliter. 
Clotting times were recorded. As this repre- 
sented a qualitative test evaluating the speed 
of conversion of prothrombin, results were 
expressed as clotting time in seconds rather 
than in units. 

Antithrombin activity of plasma was 
studied according to a standard technique. 
Antithromboplastic activity was evaluated 
by 2 different techniques, using native serum 
from the experimental animal. In one tech- 
nique, 0.1 milliliter of undiluted serum was 
mixed with 0.2 milliliter of simplastin in test 
tubes kept in water bath at 37 degrees C. 
One-tenth milliliter of 1/10 diluted normal 
platelet-poor dog plasma was added im- 
mediately. or after 30 minutes of incubation. 
The difference in clotting time was taken 
to represent activity against tissue thrombo- 
plastin. 

In another technique, 0.1 milliliter of 
serum was added to 0.9 milliliter of 1/10 
diluted platelet-poor dog plasma and the 


| 
| 


mixture was recalcified with 1 milliliter of 
0.025 molar solution of calcium chloride. 
After a clot formed, it was incubated at 37 
degrees C. for 1 hour. Then, the clot was re- 
moved around a glass rod and the residual 
prothrombin determined by a standard 
technique. This test possibly represented a 
measurement of the activity of the dog serum 
against plasma thromboplastin. 

Mechanical and osmotic fragility of the 
red cells was determined by standard 
methods. 


RESULTS 


Pentothal anesthesia. Under our experimen- 
tal conditions, the effects of successful and 
uneventful anesthesia were negligible. 

Stasis. There were no significant changes 
in the blood from the general circulation, 
but obvious ones were evident in the areas 
proximal and distal to the stenosed seg- 
ment. Above the segment, the platelets 
(Fig. 1) were slightly increased in number 
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TABLE II.—SPEED OF CONVERSION OF PURIFIED PROTHROMBIN BY ABSORBED PLASMA OR SERUM FROM 
VARIOUS AREAS OF DOG WITH EXPERIMENTAL VENOUS THROMBOSIS 


Reagent added 











to the prothrombin After 
and simplastin Incubation time partial Time after infusion of serum 2 
mixture of mixture ligature 0 7 hr. 48 hrs. 96 hrs. 
SECONDS. a 
Veronal 1 131.2+18.0 121.8+14.0 141.6+17.0 130.5+21.0 150.5+ 24.0 
buffer 2 53.4+ 5.0 48.5+ 4.0 505% 7.0 52.4+ 8.0 50.6+ 9.0 
4 40.2+ 6.0 STAD 5D 39.0+ 4.0 41.5+ 4.0 S762 3.0 
6 20:3 2.0 232 1.0 20.5+ 2.0 20.5+ 1.0 20.4+ 1.0 
Plasma from the 1 75.4+10.0 34.5+ 8.0 68.5+11.0 72.5+10.0 64.5+ 7.0 
general 2 25.8+ 4.0 20.4+ 4.0 28.4+ 5.0 27.8+ 6.0 21.44 4.0 
circulation 4 20.4+ 2.0 18.2 1.0 20:53: 2:0 19.4+ 2.0 21.62 3.0 
6 18.6+ 1.0 17.0+ 1.0 18.1: £0 16.2+ 1.0 18.4+ 1.0 
Plasma from 1 77.4411.0 23:5 40 48.4+11.0 59.5+ 9.0 53.4+ 7.0 
above stenosed 2 37.4+ 3.0 17.42% 3:0 18.5+ 3.0 20.4+ 3.0 20.5+ 4.0 
segment 4 19.5+ 1.0 16.3+ 1.0 14.4+ 1.0 19.1+ 0.5 17.3 1.0 
6 18.4+ 3.0 15.42 1.5 13:34 0:5 17.0+ 0.3 16.4+ 0.7 
Plasma from 1 80.8+18.0 24.4+12.0 49.7+10.0 52.4+10.0 54.5+ 8.0 
below stenosed 2 41.4+ 7.0 i2.72 3.0 20.4+ 3.0 20:5 3:0 33.4+ 3.0 
segment 4 20:5 1.0 12.4+ 1.0 19.1 0.5 18.4+ 1.0 7.52 1.0 
6 18.4+ 0.5 18.3+ 0.4 14.3+ 0.8 75a (OS 17.5+ 0.4 
Serum from the 1 89.4+11.0 67.5+10.0 88.4+10.0 80.4+ 9.0 84.6+12.0 
general 2 30.5+ 7.0 30.4+ 5.0 34.5+ 4.0 30.6+ 4.0 38.4+ 3.0 
circulation 4 20.0+ 1.0 203+ 1.0 22.6+ 1.0 21.0+ 1.0 20.54 1.0 
6 16.0+ 0.7 18.0+ 0.2 17.0+ 0.4 18.5 0:3 F952 0:3 
Serum from 1 94.5+14.0 §1.5+12.0 68.0+10.0 69.5+18.0 64.5+12.0 
above stenosed 2 33.7 ‘5.0 21.4+ 3.0 30.4+ 5.0 28.4+ 6.0 30.7+ 2.0 
segment 4 20.0+ 1.0 20.1% 0:5 19.0+ 1.0 19.3+ 0.5 20.0+ 1.0 
6 18.2+ 1.0 16.4+ 0.4 19.5+ 0.7 19.4+ 0.7 205: 6.8 
Serum from 1 90.5+20.0 54.1+18.0 61.5+12.0 67.6+ 9.0 68.7+10.0 
below stenosed 2 30.4+ 4.0 20.4+ 4.0 30.4+ 4.0 25.6¢ 3.0 27.52 3.0 
segment 4 20.4+ 1.0 19:52 0.5 19.0+ 1.0 20.0+ 1.0 18.32 0.5 
6 18.0+ 0.4 12.6+ 0.7 19.0+ 0.3 16.7+ 0.3 19.0+ 0.3 


Data are based on results in 6 animals. 


possibly because of the effect of stasis, but 
their structure appeared unchanged. The 
clotting time of recalcified plasma was un- 
modified, yet plasma and serum contained 
accelerators of the generation of thrombo- 
plastin (Fig. 2 and Table I). Essentially the 
same changes were noted in the blood from 
the area below the stenosed segment, with 
two significant exceptions: the number of 
platelets was relatively decreased (Fig. 1), 
and the clotting time of recalcified plasma 
(Fig. 3) was slightly prolonged. It was also 
noted that the rate of thrombin formation 
was not accelerated, although its total yield 
was greater in the blood from below the 
stenosed segment (Fig. 4). 

Temporary hypercoagulability. ‘The infusion 
of serum had striking effects on the coagula- 
bility of the blood from both the general 
and local circulation. Changes in the same 
direction were noted in the general circula- 


tion and in the area above the stenosed seg- 
ment. The number of platelets fell. They 
appeared clumped and numerous dendrites 
were seen on stained smears. ‘The clotting 
time of recalcified plasma was unchanged. 
The activity of the labile factor (Fig. 5) 
decreased and that of stable factor (Fig. 6) 
increased in plasma and more so in serum. 
The generation of thromboplastin was 
markedly accelerated, especially at the peak 
of infusion and shortly thereafter, and when 
the serum from the experimental dog was 
used (Fig. 2 and Table I). The generation 
of the thrombin was also accelerated (‘Table 
II). The same changes were observed in 
blood from below the stenosed segment. In 
addition, the recalcified clotting time of 
platelet-rich and of platelet-poor plasma 
became very close. Also, the number of 
platelets was lower below than above the 
stenosed segments. ‘The two results may in- 
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© Piatelet-rich plasma piatelet- poor plasma 
Bio. 3. 

Fic. 3. Clotting time of recalcified platelet-rich and 
platelet-poor plasma before, during, and after experi- 
mental thrombus formation. The clotting time of recal- 
cified platelet-rich plasma from below the stenosed seg- 
ment is prolonged; yet that of platelet-poor is shorter and 
similar to that of platelet-rich plasma. 

Fic. 4. Generation of thrombin before, during, and 
after experimental thrombus formation. 1, After applica- 
tion of ligatures: increased generation of thrombin in 
blood leaving the stenosed segments. 2, At the end of in- 
fusion of serum: rapid acceleration and higher yield of all 
samples. 3, Thirty minutes after infusion: persistent ac- 
celeration in blood from thrombosing segment. 4, Forty- 
eight hours later: similar trend, although the magnitude 
of the effect is less striking. The continuous line repre- 
sents results in blood from the general circulation. The 
other points indicate 3 experimental results using blood 
leaving the thrombosing segment. 


dicate that platelets were used within the 
thrombosing segment, releasing their 
thromboplastic factors. Finally, the forma- 
tion of thrombin was also accelerated but 
its yield was not greater than in blood from 
the general circulation (Figs. 4 and 7). 

Propagation of the thrombus. For the purpose 
of clarity, changes observed are described 
independently for each factor. No values 
are available beyond the 96 hour period. At 
this time, the circulation in the thrombos- 
ing segment was limited, and samples of 
blood collected below it were clearly insuf- 
ficient. When blood could be collected satis- 
factorily, the results after 96 hours were 
essentially similar to those obtained at 48 
hours. 

Platelets remained higher in number in 
the area above and lower in the area below 
the stenosed segment when compared with 
the prompt return to preinfusion levels in 
the general circulation. Morphologic stud- 
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ies of platelets from the blood collected 
below the stenosed segment revealed con- 
siderable clumping and the presence of 
numerous dendrites for at least 48 hours. 
No such changes were evident in the plate- 
lets of blood from other areas. 

The clotting time of platelet-rich plasma 
remained prolonged and that of platelet- 
poor plasma remained accelerated in blood 
collected below the stenosed segment for as 
long as 96 hours. As a result, their paradoxic 
similarity continued, again probably indi- 
cating sustained destruction of platelets dur- 
ing passage through the area of thrombosis. 

The activity of stable factor(s), after 
reaching a peak at the time of infusion of 
serum, remained lower above and higher 
below the stenosed segment. Results, how- 
ever, were not striking. 

Activity of labile factor continued high 
in the blood taken from below the stenosed 
segment. 
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Fic. 5. Plasma labile factor activity before, during, and 
after experimental! thrombus formation. 

Fic. 6. Stable factor activity before, during, and after 
experimental thrombus formation. 


The generation of thromboplastin was 
slow and incomplete in samples from all 
segments. ‘This fact was strikingly evident 
when normal plasma and serum from the 
experimental dog were used. A tentative 
explanation of these findings may be seen in 
the discussion of the behavior of antithrom- 
boplastin. 

A most striking phenomenon following 
the infusion of serum was a marked increase 
in the yield of thrombin in all segments. This 
was still observed only locally for at least 1% 
hour after the infusion of serum. The effect 
was still appreciable 48 hours later. 


- May 1960 


Behavior of other clotting factors and miscel- 
laneous observations. There were no significant 
changes at any time in the activity of anti- 
hemophilic globulin, plasma thromboplastic 
component, Hageman factor, and Stuart 
factor. It was noted that dog’s plasma was 
very rich in antihemophilic globulin and 
rather deficient in plasma thromboplastic 
component, with wide variations between 
one animal and another. Determinations of 
prothrombin activity and concentration by 
one and two stage methods and determina- 
tion of residual prothrombin activity in 
serum by the prothrombin consumption test 
did not yield any significant results. ‘The 
variations in fibrinogen were inconsistent 
and, at times, contradictory, which may 
well reflect the inadequacy of the available 
methods for the determination of this pro- 
tein, 

‘The effect of absorbed plasma and of 
native serum obtained from the local see- 
ments as well as from the general circulation 
on the speed of conversion of partially puri- 
fied prothrombin was also studied at various 
intervals of time. Stasis did not appear im- 
portant. After the infusion of serum, how- 
ever, the plasma or serum from the segments 
close to the area of thrombosis accelerated 
the conversion of prothrombin to a greater 
degree than samples from the general circu- 
lation (Fig. 7). The phenomenon was still 
evident 48 hours later. It was abolished 
when either the plasma or the serum was 
stored overnight at 37 degrees C. (Fig. 8). 

There was no indication that any anti- 
thrombin activity developed. No inhibitor 
of plasma thromboplastin was found by the 
prothrombin consumption technique. The 
incubation of the experimental dog serum 
with tissue thromboplastin, on the other 
hand, indicated that antithromboplastin 
activity had developed in the general circu- 
lation and in the area above the thrombos- 
ing segment at the time of infusion of serum. 
It was demonstrable for 30 minutes or so. 
In the area below the stenosed segment the 
antithromboplastin activity was much evi- 
dent after 30 minutes and continued for at 
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@- Prothrombin alone 
4-Prothrombin + reagent from area above partial ligature 


O-Prothrombin + reagent from general circulation 


~ Prothrombin + reagent from area below partial ligature 


Fic. 7. Effect on the conversion of prothrombin to thrombin of absorbed plasma and serum from 
samples of blood collected before, during, and after experimental thrombus formation. Broken line 
represents self-activation of the admittedly grossly contaminated preparation of prothrombin. 1, 
After application of ligatures: stasis does not affect the speed of prothrombin conversion. 2, End 
of infusion of serum: acceleration is seen in samples from all areas. 3, Forty-eight hours later: ac- 
celeration continues in samples from above and below the stenosed segments. Results after 1 minute 
of incubation seem to indicate most significantly the acceleration in prothrombin conversion. 


least 2 hours (Fig. 9). The antithromboplas- 
tin activity was much less evident in plasma 
than in serum, a result which defies inter- 
pretation at this time. These findings may 
help to explain why the generation of 
thromboplastin was poor in all segments 30 
minutes after the initiation of the thrombus 
when the serum from the experimental ani- 
mal was used with normal plasma, but this 


was not so evident when normal serum and 
plasma from the test animal were used. 

There were no important changes in 
either the osmotic or the mechanical fragili- 
ty of the red cells. 


DISCUSSION 


In the analysis of the pathogenic mecha- 
nisms of venous thrombosis, a differentiation 
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should be made between the initial forma- 
tion and the propagation of a thrombus. ‘The 
experiments reported in this article may 
help to clarify both phases, and especially 
the phase of propagation of the thrombus. 
In the absence of demonstrable vascular 
injury, the initiation of clotting responsible 
for the formation of a thrombus was trig- 
gered in our studies by the combined effect 
of stasis and of temporary hypercoagulabili- 
ty of the blood. Their effects appear com- 
plex to analyze. Stasis undoubtedly caused 
slowing of blood flow, anoxia of the vascular 
wall and this, in turn, might have led to 
changes in the intima which, although not 
demonstrable, were possibly present in our 
animals. Furthermore, stasis is known to 
cause shifting of platelets from the center to 
the periphery of the blood stream. In our 
experiments, stasis probably accounted for 
the increased platelet count above the 
stenosed segment. Yet, stasis alone had no 
significant effect on the blood clotting 
mechanism in the general circulation or on 
the speed of thrombin formation at the level 
of the stenosed segment. Apparently, more 
important in the initiation of the thrombus 
was the state of hypercoagulability induced 
by the injection of serum. The changes 
observed in the general circulation as well 
as in the stenosed segment were indicative 
of increased speed of formation, of higher 
yield of thrombin, and of over-all accelera- 
tion of the coagulation process. ‘These 
changes seemed to coincide with the initia- 
tion of thrombosis, and then sudden hyper- 
coagulability of blood might have been the 
precipitating mechanism in the formation of 
a venous thrombus in the presence of favor- 
ing mechanical factors. Some attention has 
been given to platelets in the mechanism of 
initiation of thrombosis. Their role is con- 
troversial. Either platelets precipitate on the 
intima as the first step of thrombus forma- 
tion and their disintegration initiates clot- 
ting, or their precipitation is due to the 
effect of thrombin, initially formed from 
prothrombin through mechanisms which 
are uncertain at present. Our experiments 
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did not help to clarify this controversy, 
although, as further discussion will indicate, 
platelets undoubtedly played an early and 
important role in the propagation of the 
thrombus. 

In evaluating the conditions which in- 
duced the propagation of the thrombus, it 
is obvious that the complex changes ob- 
served at the level of thrombus formation 
were influenced by several factors. Blood 
coagulation factors are utilized in the clot- 
ting process and become converted to more 
active agents which greatly accelerate the 
process of coagulation and, presumably, of 
intravascular clotting. Anticoagulants may 
also develop, and the fibrinolytic system 
may be activated in the course of intravascu- 
lar coagulation. Our experiments, in fact, 
showed the appearance of an anticoagulant 
and the activation of the fibrinolytic system, 
although fleetingly, during the phase of 
initiation and in the early phase of propaga- 
tion of the thrombus (8). With due consider- 
ation of these variables, the analysis of the 
changes occurring at the level of a venous 
segment while a thrombus was propagating 
focused attention on the platelets and on the 
labile factor. The behavior of the two 
agents, in turn, influenced the over-all be- 
havior of the clotting time of recalcified 
plasma and of the generation of thrombo- 
plastin and thrombin which were faster at 
the local level as long as the thrombus con- 
tinued to extend. The number of platelets 
remained high above and low below the 
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stenosed segment. At the same time, the | 


clotting time of recalcified platelet-poor 
plasma was short, and little difference was 


- 


found between clotting time of platelet-rich | 


and of platelet-poor plasma collected below 
the stenosed segment. The rapid clotting 
time of platelet-poor plasma probably indi- 


cated disintegration of platelets and release , 


of their thromboplastic material. ‘The per- 
sistently increased activity of labile factor in 
the plasma collected below the stenosed 
segment also seemed important. The identi- 
fication of the accelerating agent(s) with the 
labile factor was based on the observation 
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Fic. 8. 


Vic. 8. Effect of storage on the ability of absorbed 
plasma from experimental dog, taken 48 hours after initi- 


othrombin. a, Fresh plasma. b, Plasma stored at 37 
degrees C. overnight. 

Fic. 9. Inhibitory activity on tissue thromboplastin of 
scrum during experimental thrombus formation. 


that they disappeared rapidly upon storage. 
The importance of these two agents was 
further emphasized by a surprising lack of 
appreciable variations in other plasma 
agents which are known to be essential to 
the formation of the clot. Thus, no signifi- 
cant changes were found in the plasma level 
or activity of antihemophilic globulin, plas- 
ma thromboplastic component, prothrom- 
bin, Stuart factor, Hageman factor, and 
fibrinogen. Several reasons for these findings 
may be advanced. First, not enough is 
known of the clotting mechanism in the dog 
to appreciate whether it is essentially similar 
to that in man; thus, antihemophilic globu- 
lin and labile factor are present in large 
excess in dog plasma, while plasma throm- 
boplastic component is low. Also, changes in 
fibrinogen and prothrombin may be too 
subtle to be detected by our fairly insensi- 
tive methods. Finally, coagulation in vitro 
and in vivo differ in at least one major 
respect. In vitro, clotting factors are con- 
sumed and cannot be replaced. In vivo, 
plentiful supply is available as long as there 
is continued circulation of blood within the 
segment undergoing thrombosis. Coagula- 
tion factors are not depleted and the process 


tion of thrombosis, to accelerate the conversion of 
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of intravascular thrombosis continues in- 
definitely or, as in our experiments, until 
the segment has become totally thrombosed. 
It is of course significant that platelets and 
labile factor are two of the agents most 
closely involved in the autocatalytic-like 
reaction of blood coagulation. 

A very interesting fact was brought out 
by the analysis of the generation of thrombo- 
plastin. This was greatly delayed and poor 
in the early phase of propagation of the 
thrombus when plasma from a normal dog 
and serum from the experimental animal 
were used as reagents. This was a paradoxic 
result in view of the abundant evidence of 
intravascular clotting and of the develop- 
ment of accelerators of coagulation. With- 
out presenting details already discussed in 
the section on results, the phenomenon 
seemed tied to the appearance of a fleeting 
antithromboplastic activity in serum, as 
also seen in other instances of sudden intra- 
vascular clotting. It is of interest that the 
antithromboplastin was found for a longer 
period below the area of thrombus forma- 
tion, indicating that the body may have 
tried to utilize the antithromboplastin 
against further extension of the clot, appar- 
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Fic. 10. A hypothesis of the dynamic mechanisms involved in the propagation of the thrombus. 
Arrow indicates direction of blood flow. Formation of thrombus causes activation of labile factors 
to accelerators of the conversion of prothrombin and lysis of platelets in the presence of plasma 
factors. The results are: (1) faster production of thromboplastin and thrombin; (2) continued 
deposition of platelets and fibrin within the segment; (3) differences between inflowing and out- 








flowing blood, reflecting these changes. 


ently without much success. ‘There were no 
changes in antithrombin. The finding was 
not surprising as dog plasma contains huge 
excess of this anticoagulant. 

There were no significant changes in the 
general venous circulation as the thrombus 
propagated. This fact has possibly impor- 
tant clinical complications. Much effort has 
spent to detect thrombosis in man 
through changes in blood clotting factors. 
Findings have been described from time to 
time in patients suffering from thromboem- 
bolism, such as thrombocytosis, increased 
platelet adhesiveness to glass, shortened 
clotting time in siliconized test tubes, in- 
creased to heparin, increased 
circulating antithrombin, changes in the 
level and reactivity of fibrinogen, and tem- 
porary increased activity of the convertin 
complex. These findings have been far from 
constant, and their application to the clin- 
has 


been 


resistance 


ical detection of ‘thrombotic states” 
given contradictory results. Our work sug- 
gests the futility of studying blood from the 
general circulation to detect intravascular 
clotting in local districts, possibly because 


of the inadequacy of the laboratory metho: 
currently employed. Nevertheless, our ex 
periments indicated that the only change 
detected in the general circulation were 
found during or shortly after the infusion of 
serum. One could perhaps detect similar 
changes in man if the blood were collected 
at the time when thromboplastic substances 
were entering the circulation and thrombus 
formation beginning. Otherwise, the prop- 
agation of a clot continues without any siy- 
nificant changes in the blood collected from 
areas remote from the thrombosing  seg- 
ment. By the same token, the appreciation 
of the effects of anticoagulant therapy are 
based on changes found in the circulating 
blood. ‘These, however, may not indicate 
reliably what goes on at the level of throm- 
bosis. ‘This point may interpret otherwise 


St 


tf 


unexplained failures in the treatment of 


thromboembolic diseases. 

A few comments are necessary regarding 
the applicability of these findings to human 
pathology. Reservations have already been 
mentioned. Yet, many similarities are o))- 


vious. In man, stasis easily occurs, especial!) 
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in elderly patients when valves are insuf- 
ficient and vein walls are deformed. Hyper- 
coagulability may develop in patients un- 
dergoing some types of surgery, during 
delivery, after severe trauma, and in a few 
niedical states (such as pancreatic carci- 
yma) in which the common denominator 
the interruption of the barrier between 
sue spaces and circulatory system and 
trance into the circulation of tissue throm- 
Hypercoagulability then de- 
termines the occurrence of thrombosis, but 
iis site is dependent on the local mechanical 
factors. This should not be confused with 
thle results of intravascular seeding of mas- 
sive amounts of thromboplastin, as it may 
be done experimentally or may occur in 
abruptio placentae or amniotic embolism. 
Here, massive and diffuse intravascular 
clotting ensues even in the absence of stasis 
with defibrination and paradoxic hemor- 
rhage because of massive depletion through 
consumption of many of the factors of clot- 
ting. 

In conclusion, it would appear that the 
entrance in the blood stream of preformed 
accelerators of the formation of thrombin 
such as tissue thromboplastin or stable 
factors of serum is most important in initi- 
ating intravascular clotting but only when 
stasis (and intimal injury) is present. ‘The 
propagation of the thrombus is possibly a 
more complex mechanism, closely related to 
the autocatalytic reaction of blood clotting. 
The scheme presented in Figure 10 agrees 
with the known facts although alternative 
explanations for the phenomenon are easily 
possible. 


yplastins. 


SUMMARY 


The formation of a thrombus which prop- 
agates until the venous segment is com- 


pletely occluded follows the injection of 


homologous serum in dogs after partially 
occluding ligatures have been applied to a 
major vein. ‘This technique allows the study 
of the changes in the various clotting factors 
and which 
initiation and propagation of a venous 


mechanisms accompany the 


thrombus and their relative importance in 
these processes. 

Stasis alone causes faster generation of 
thromboplastin but does not appreciably 
affect the speed of generation of thrombin. 
The infusion of serum causes acceleration of 
clotting in all areas, best indicated by a fall 
in the platelet count and in the activity of 
all other considered 
with the concomitant development of pow- 
erful 


coagulation factors 


accelerators of the generation of 
thromboplastin and of thrombin (temporary 
hypercoagulability with intravascular 
clotting). 

Significant changes are found predom- 
inantly in the blood flowing from the sten- 
osed segment while the thrombus extends. 
Platelets are reduced in number. ‘They are 
probably lysed within the thrombosing seg- 
ment releasing their thromboplastic factors 
as there is concomitant acceleration of the 
recalcified clotting time of platelet-poor 
plasma. The activity of the labile factor is 
also greatly enhanced during the passage of 
blood through the thrombosing segment, 
probably because of its conversion to a pow- 
erful accelerator. Thus, the generation of 
thromboplastin and thrombin continue to 
be accelerated. Within 30 minutes after the 
initiation of a thrombus, an antithrombo- 
plastin appears which persists for 2 hours or 
so in the blood flowing from the thrombos- 
ing segment. At no time are changes found 
in the clotting mechanism of blood taken 
from the general circulation which may sug- 
gest the presence of a propagating thrombus. 

These results emphasize differences in 
mechanisms between initiation and propa- 
gation of a venous thrombus. The entrance 
in the blood stream of thromboplastic or 
clot accelerating probably 
most important in initiating the clotting 
process which leads to thrombus formation 
when other essential conditions are present. 
Platelets and labile factors seemed involved 
mostly in the further propagation of the 
thrombus. ‘They probably act through their 
role in maintaining a sustained autocataly tic- 
like reaction of blood coagulation. 


substances is 
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PREINVASIVE INTRADUCTAL CARCINOMA 


OF THE BREAST 


DANIEL A. GILLIS, M.D., MALCOLM B. DOCKERTY, M.D., and 
O. THERON CLAGETT, M.D., F.A.C.S., Rochester, Minnesota 


(.\RCINOMAS OF THE BREAST take origin from 
ductal epithelium or its derivatives. As one 
might expect, instances occur in which the 
pathologist has an opportunity to see epi- 
thelial alterations within ducts that must be 
regarded as neoplastic in nature but in 
which the cells have not acquired the ag- 
gressive, anaplastic, and infiltrative charac- 
teristics so commonly observed in mammary 
carcinoma. It is recognized that such 
changes may be interpreted as ‘‘early,” or 
noninvasive, carcinoma. Exactly where this 
interpretation begins and where it must end 
are points that are not too clearly defined. 
This becomes a problem of some magnitude, 
because the subsequent clinical manage- 
ment of the patient may rest on such an 
interpretation. With the hope of further 
delineating from clinical, pathologic, and 
therapeutic points of view this particular 
facet of the over-all problem of mammary 
carcinoma, a series of carcinomas of the 
breast in which the tumor was confined to 
the ducts was reviewed. 


HISTORICAL ASPECTS 


Although Cheatle (5, 6), Horsley, Rod- 
man, Bloodgood (3), and others wrote ex- 
tensively on the ductal origin of mammary 
carcinoma, mostly prior to 1930, they had 
little to say on the concept of in situ lesions 
involving this tissue. 

Bloodgood (1, 2) was extremely hesitant 
about diagnosing papillary and nonpapil- 
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lary ductal proliferative lesions as malig- 
nant, regardless of their anaplasia, unless 
the walls the ducts 
breached. Later observations by Lewis and 
Geschickter uncovered metastasis in follow- 
up studies of patients who had received less 
than radical treatment for Bloodgood’s (2) 
‘*“comedoadenomas.” By 1932, Bro- 
ders described and illustrated carcinoma in 
situ involving several locations, including 


of involved were 


when 


the breast, it had become obvious to many 
observers that such a lesion as Paget's dis- 
of the nipple, by 
grossly infiltrating carcinoma of the under- 
lying breast, was actually an extensive in 
situ ductal carcinoma of that organ with an 
intraepithelial component. ‘The situation 
was Clarified further when Muir and Aitken- 
head (12) demonstrated 
healing of certain intraductal 
lesions through fibrous engulfment. 

In 1941, Muir (11) stated: **In some areas 
practically all the small ducts and acini are 


ease unaccompanied 


retrogression or 
malignant 


lined by malignant cells, the appearance 
being that of a rapidly growing adenocarci- 
noma; yet the cells are contained within 
normal boundaries. ... No actual infiltra- 
tion of stroma could be detected in various 
parts of the breast examined, but metastasis 
had occurred in the lymph glands. ‘This, of 
course, simply means that the focus of in- 
filtration in the breast had escaped observa- 
tion.” 

In 1946, Foote and Stewart (8) listed no 
less than 3 noninfiltrating forms of ductal 
carcinoma of the breast, namely, papillary 
carcinoma, comedocarcinoma, and lobular 
in situ carcinoma. All 3 types were uncom- 
mon, and none could be diagnosed as such 
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TABLE I.—SURVIVAI. IN PREINVASIVE INTRA- 
DUCTAL CARCINOMA OF THE BREAST 


Lived beyond indicated 
period 


Period, Patients Survival rate, 
years Total Traced Vo per cent™ 
5 32 31 30 90.8 
10 24 20 18 90.0 
15 10 10 7 70.0 
*Per cent of traced patients. Inquiry as of 1 January 1958. The 5 
year group includes only those patients who were operated on in 1952 
or earlier; the 10 year group includes only those operated on in 1947 or 
earlier; the 15 year group includes only those operated on in 1942 or 


earlier, 


preoperatively. They emphasized the need 
for extensive studies aimed at discovering 
foci of stromal invasion. If the latter was 
present, radical mastectomy was recom- 
mended to be performed as a secondary 
procedure. 
MATERIALS AND METHODS 

Review of the Mayo Clinic files disclosed 
that 603 surgically excised lesions of the 
breast were diagnosed as comedocarcinoma 
from 1928 through 1955. ‘Tumors associated 
with Paget’s disease were discarded. Also 
deleted were all tumors which, on prelimi- 
nary review, exhibited even minor degrees 
of stromal infiltration. The residue of 50 
lesions was further scrutinized grossly, and 
many new blocks were cut for microscopic 
examination. Fourteen of the 50 lesions were 
found to be invasive on this second ap- 
praisal, and these cases were eliminated. 
The data in this study concern the remain- 
ing 36 cases of what might be called in situ 
carcinoma of the breast. 
CLINICAL DATA 

Two of the 36 patients were in the fourth 
decade of life, 15 were in the fifth decade, 11 
in the sixth, 6 in the seventh, and 2 in the 
eighth. All the patients were women. 

Symptoms.—The patients were divided 
into 4 groups. In the first group, the patient 
complained of a lump in the breast. This 
was the only symptom in 15 instances (42 
per cent). As judged from the patients’ 
histories, the duration of existence of the 
lump varied from 3 days to approximately 
5 years. 
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A second group of 9 patients (25 per cent) 
complained of a discharge, usually bloody, 
from the nipple. The duration of this symp- 
tom varied from a few weeks to 23 years. 

A third group of 5 patients (14 per cen! 
had symptoms of both a lump and discharge 
from the nipple. 

The final group encompassed 6 patien s 
(17 per cent) who had no symptoms refe: - 
able to either breast. In each of these case.. 
operation had been advised because tl 
physician upon general physical examine - 
tion had discovered a lump. 

The remaining patient did not fit into an 
of the groups mentioned although she con - 
plained of painful breasts. Examination re- 
vealed large pendulous breasts but no othe: 
abnormality. 

Physical findings. The palpable lumps 
varied from tiny nodules to a large mass. 
measuring approximately 8 centimeters i 
diameter. Some were discrete, and other: 
were less well defined; in some instances, : 
more or less diffuse fullness or nodularit) 
was noted in one or more zones. Fixation 0 
the skin, retraction of the nipple, cutaneou 
edema, or fixation of the lesion to deepe: 
structures was not noted. 

One patient had a large firm axillary 
lymph node that was the source of the pre- 
senting complaint. None of the other pa 
tients had axillary adenopathy of any clini- 
cal significance. 

Examination of the breasts gave entirely) 
normal results in 5 of the 9 patients whose 
only complaint was discharge from the 
nipple. The other 4 patients had sufficiently 
well localized nodularity to define the region 
in which the offending lesion lay; in 2 in- 
stances, pressure in this region reproduced 
the discharge from the nipple. 

Except for the breasts, results of the gen- 
eral physical examination were not remark- 
able. 


LABORATORY DATA 


Initial routine examinations of the blood 


and urine, and posteroanterior stereoscopic 
roentgenograms of the thorax did not reveal! 
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dings, in any case, that had a significant 
hearing upon either the final diagnosis or 
e treatment given. 
\GNOSIS, TREATMENT, AND SURVIVAL 
[he diagnosis in all cases had been estab- 
hed by the microscopic examination of 
.cised tissue. In most cases in which a lump 
is palpable, the lesion was first removed as 
| excisional biopsy, the definitive surgical 
ocedure then being completed after the 
«jagnosis had been made by study of frozen 
ctions. In several instances, the breast had 
cen removed as the primary procedure. 
Radical mastectomy had been performed 
nn 24 patients (67 per cent). In 9 patients 
25 per cent), simple mastectomy had been 
done; in 2 patients, this had been combined 
with axillary dissection on the involved side. 
local excision had been done in the remain- 
ing case. No operative deaths had occurred. 
Survival rates for 5, 10, and 15 years are 
summarized in Table I. 


PATHOLOGIC STUDIES 

Gross appearance. ‘The tissues involved by 
intraductal carcinoma showed great varia- 
tion, ranging from a grossly normal appear- 
ance to zones containing only a scattering 
of dilated ducts to zones of classic comedo- 
carcinoma. 

Intraductal carcinoma of the breast may 
be present over a wide expanse without 
producing significant alterations in the gross 
appearance. In such cases, the ducts have 
not yet undergone a sufficient degree of 
dilatation to make them conspicuous on 
gross inspection, and necrosis of tumor with- 
in the ducts has not yet occurred or is of 
minimal degree. This was true in several of 
our Cases. 

Alterations in gross appearance are not 
produced by lobular carcinoma in situ, as 
has been emphasized by Foote and Stewart 
(7, 8). The lesion is discovered incidentally 
during microscopic examination of excised 
tissue. 

Some of the affected zones were surpris- 
ingly well rounded and discrete; many 
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Intraductal mammary carcinoma. a, Note 
dilated ducts, many of which are plugged by tumor. b, 
Another gross specimen showing dilated ducts containing 
tumor. A large simple cyst is also present. 


others were ill-defined and shaded off grad- 
ually into normal breast tissue or areas of 
so-called chronic cystic mastitis. Varying 
degrees of the latter condition were en- 
countered commonly. 

Figure 1a illustrates the gross appearance 
of a zone of intraductal carcinoma. ‘The 
obvious abnormality is the varying degree 
of dilatation of the ducts, many of the 
lumina of which are filled with plugs of 
tumor or the necrotic remnants of such 
plugs. The region of neoplasia shades off 
gradually into the adjacent fatty breast tis- 
sue; 1 small cyst is also present. Figure 1b 
depicts a less pronounced degree of ductal 
dilatation. The lumina of many ducts con- 
tain rather homogeneous-looking tumor 
tissue. T'wo simple cysts, 1 smal] and 1 large, 
may also be seen. 

These illustrations represent the disease 
in an unusually advanced stage. In the 
presence of such extensive gross changes as 
those depicted, the tumor usually shows 
some infiltration of the mammary stroma; 
indeed, it appears remarkable that this is 
not always so. In no instance was it possible 
upon gross examination to be at all sure of 
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stromal infiltration. The fibrosing scirrhous 
reaction evoked by many infiltrating neo- 
plasms was not encountered, nor were there 
any examples of a separate infiltrating car- 
cinoma arising in another part of the breast. 

The axillary nodes appeared to be grossly 
involved by tumor in only 1 specimen, and 
more will be said about this case subse- 
quently. In 1 other specimen, the regional 
nodes were large and unusually firm, but 
they were free of tumor when examined 
microscopically. No other specimen ex- 
hibited a significant degree of axillary ade- 
nopathy. None of the patients in this series 
had biopsy of supraclavicular or parasternal 
lymph nodes. 

Microscopic appearance. The cellular altera- 
tions in the affected ducts were classically 
widespread and were recognized rather 
readily. The multiplicity of affected ducts 
is one of the outstanding features of the dis- 
ease, and it is certainly the most striking. 
Alterations in the stromal tissues were not 
remarkable. 

Considerable occurs in the 
microscopic patterns presented by intra- 
ductal cancer. !t is helpful for descriptive, 


variation 


as well as for interpretative, purposes to 
describe, in orderly sequence, the cellular 
changes occurring within the ducts from the 
simplest and best-differentiated tumors to 
the more rapidly growing lesions of a higher 
grade of malignancy. It is not meant to im- 
ply that this is necessarily the usual sequence 
of events. The following description includes 
all of the abnormal appearances that were 
encountered in this study. 

The earliest detectable change from nor- 
mal is proliferation of the cells lining major 
or minor ducts serving one or several lobules 
of the breast. This proliferation at first ex- 
tends toward the ductal lumen, so that the 
proliferative process results in an ingrowth 
of cells that often assumes a_ papillary 
architecture within the duct. ‘These ingrow- 
ing processes, unlike papillomas, usually 
are not accompanied by a well-devcloped 
stalk of connective tissue. Ordinarily, the 
cells at this stage are not highly atypical, 
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and mitotic figures seldom are encountered. 
It is in such lesions that difficulty may arise 
in deciding what is benign and what should 
be called malignant. Figure 2a illustrates 
this stage of the disease, showing papillary 
ingrowths of slightly atypical cells without 
any apparent connective-tissue stalks. 

As cellular growth continues, the papil- 
lary projections gradually coalesce to form 
more solid intraductal tumor. As this oc- 
curs, scattered spaces remain within th 
lumen; this pattern of solid clumps of cell 
arranged around irregular spaces within th: 
duct has been designated as cribriform in 
traductal carcinoma (Fig. 2b). The papil 
lary architecture is lost by the coalescence, : 
greater loss of cellular polarity takes place 
and the incidence of mitotic figures anc 
cellular atypism increases. Occasionally, th« 
spaces contain a small amount of cellula: 
detritus or mucus. Early necrosis of thi 
central cells within the duct may be seen 
but this is not usually a feature at this stag 
(Fig. 2c). 

As the condition progresses, the affected 
duct becomes practically filled with tumo: 
cells, the ultimate formation being a solid 
intraductal tumor (Fig. 2d). Coincident 
with this are increasing anaplasia and evi- 
dence of more rapid growth. The cells show 
almost total loss of polarity, and mitotic 
figures are relatively common. With in- 
creasing rapidity and extensiveness ol 
growth, the cells toward the center of the 
lumen outgrow their blood supply, and 
varying numbers of them undergo necrosis. 
This produces the classic picture of comedo- 
carcinoma; the necrosis may be so extensive 
that only a thin rim of viable malignant 
cells remains around the periphery of the 
ductal lumen (Fig. 3a). Calcium is often 
deposited in the necrotic zones. 

The final phase in the process is failure ol 
the wall of the duct to confine the tumor to 
its lumen, and stromal invasion takes place 
(Fig. 3b). This may occur at any time after 
inception of the neoplastic process. ‘The 
cellular pattern in the stromal tissues of the 
breast does not have any unusual charac- 
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Nic. 2. Intraductal mammary carcinoma. 


a, Intraductal papillary ingrowths of shehtly atypical 
cells without any apparent connective-tissue stalk. Hematoxvlin and cosin, X 110. b, Cribriform 


pattern of intraductal carcinoma. Hematoxylin and eosin, < 110. ¢, Cribriform intraductal carci- 


noma with central necrosis in a large duct. Hematoxylin and cosin, 44. d, Solid intraductal 


carcinoma. Hematoxylin and eosin, X98, 
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teristics, being similar to that seen within 
the ducts and resembling the pattern en- 
countered in the commoner forms of pre- 
dominantly infiltrative breast carcinoma. 

Zones of lobular carcinoma in situ were 
encountered several times in this series in 
association with intraductal carcinoma in- 
volving the larger ducts. In such lesions, the 
affected lobules were enlarged, and _ their 
normal architecture was distorted. These in 
situ tumors showed noninfiltrative cellular 
proliferation, hyperchro- 
masia and nuclear atypism, loss of polarity, 
reduction or obliteration of the acinar lu- 
mina, and scattered infrequent mitotic fig- 
ures (Fig. 3c and d). 

Fibrous and elastic thickening of the walls 
of ducts, with apparent engulfment of tumor 
cells, was seen only infrequently. 

The degree of malignancy in these 36 
carcinomas was grade 1 in 12, grade 2 in 15, 
mixed grades 1 and 2 in 2, grade 3 in 6, and 
grade 4 in only 1. Thus, 29 of the 36 lesions 
(80 per cent) were grade 1 or 2. The single 
gerade 4 carcinoma was _ associated with 
metastatic lesions in the axillary lymph 
nodes. In the tumors of a lower grade of 
malignancy, the cells were generally large 
and ovoid or round, with a generous amount 
of pale cytoplasm and minor degrees of 
nuclear hyperchromatism. Larger multinu- 
cleated cells showing evidence of more rapid 
and distorted growth were seen more com- 
monly when the intraductal tumor was solid 
and when central necrosis was present. The 
latter, of course, is usually encountered with 
more rapid growth and in tumors of greater 
malignancy. 

Unfortunately, only 1 tissue slide is now 
available in the single patient with a tumor 
of grade 4 malignancy, and it shows a grade 
4 intraductal carcinoma without stromal 
invasion. Obviously, one cannot call this a 
preinvasive carcinoma on the basis of 1 
section, but the case was included in this 
series because we have no definite proof 
that stromal spread was present within the 
breast, although such extension is certain 
in view of the extensive nodal metastasis. 


with moderate 
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COMMENT 

If one includes under the designation 
‘“‘“comedocarcinoma” those growths in which 
75 per cent of the neoplastic tissue remains 
confined to the large ducts, the incidence of 
this pathologic subdivision amounts to 
about 6 per cent of all cases of mammary 
carcinoma. Only 36 of the 603 comedocir- 
cinomas in our series were entirely intia- 
ductal. Thus, it is obvious that in situ car- 
cinoma is a rarely discovered lesion in tie 
mammary gland. 

According to most investigators, 95 per 
cent of mammary carcinomas take origin 
from the ducts. It is perhaps surprising that 
more carcinomas of the breast do not exhi)- 
it the comedo picture and that more of 
these early, or in situ, lesions are not found. 
Perhaps the answer lies in the fact that te 
breast, like the stomach, is prone to develop 
lesions of a high degree of malignancy anid 
that the in situ phase of these lesions is ex- 
tremely transitory. If this is true, the biologic 
mystery of Paget’sdisease of the nipple is dee p- 
ened, for sometimes intraductal metastatic 
tumors of many years’ duration may be seen in 
this disease in connection with deep lesions 
that frequently are clinically impalpable and 
that, microscopically, are sometimes con- 
fined entirely to the larger mammary ducts. 

With operations that are less than radical 
being curative for such lesions as in situ car- 
cinoma of the cervix, a similar conservative 
approach might appear to be logical for in 
situ carcinoma of the breast. However, our 
studies and those of others have emphasized 
the extreme difficulty of certifying a lack of 
stromal invasion. Even if one were able to 
apply the technique of Ozzello and decide. 
with the use of special stains, the matter of 
invasion of the basement membrane, one 
never could be certain of the supposed in 
situ location of these growths without study- 
ing serial sections of all of the removed 
mammary tissue. For this reason, and be- 
cause the number of in situ lesions is so small 
percentagewise, we hesitate to recommend 
anything short of radical mastectomy for thie 
lesions under discussion. It scarcely needs 
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Fic. 3. Intraductal mammary carcinoma. a, Comedocarcinoma with extensive central necrosis. 
Hematoxylin and eosin, X80. b, Intraductal and infiltrating carcinoma. Hematoxylin and eosin, 
X80. c, Lobular carcinoma in situ. Note distortion of normal lobular architecture. Hematoxylin 
and eosin, X80. d, Lobular carcinoma in situ. The obliteration of many acinar lumina by the neo- 
plastic epithelium is well illustrated. Hematoxylin and eosin, 218. 
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emphasizing that, after a careful, time- 
tumors believed 
originally to be in situ with respect to the 
mammary ducts, no less than 14 of them 
exhibited foci of obvious stromal invasion. 
Consequently, we disagree with the con- 
cepts of Bloodgood (1), and Foote and 
Stewart (7, 8) that a policy of conservatism 
may be pursued when frozen sections do not 
reveal stromal 


consuming study of 50 


invasion in ‘‘noninvasive’’ 
forms of comedocarcinoma. 


SUMMARY AND CONCLUSIONS 


A study was made at the Mayo Clinic of 


36 cases of intraductal carcinoma of the 
breast in which thorough study confirmed 
that these lesions were entirely preinvasive. 
These tumors were obtained from a study 
of 603 comedocarcinomas of the breast. 

Preinvasive intraductal carcinoma of the 
breast, in its pure form, is an uncommon but 
distinctive manifestation of mammary car- 
cinoma. This particular variety of breast 
tumor is not unusual in its age distribution. 
It does not produce any characteristic symp- 
toms or signs, and the classic clinical signs 
of malignancy are usually absent. The 
major gross change is ductal dilatation, with 
or without visible intraductal plugs of 
tumor. The affected zone may appear 
grossly normal. 

The accurate identification of this entity 
requires careful and thorough microscopic 
study of involved tissue. It is not reasonable 
to expect the surgical pathologist to state 
that a given tumor is entirely intraductal on 
the basis of preliminary review of frozen 
sections; therefore, the surgeon should not 
allow the results of this examination to be 
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the final determinant in his decision for or 
against radical surgical intervention. 

The evidence from this study is that car- 
cinoma of the breast does not involve the 
regional lymph nodes as long as it is siill 
confined to the ducts. Malignant tumors o| 
the breast that are completely intraduc al 
in distribution show a definite tendency to 
good differentiation. 

The life expectancy of patients from 
whom a preinvasive intraductal carcinor ia 
of the breast has been removed is not altered 
by the disease. 
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!}VALUATION OF EXPERIMENTAL ENDARTERECTOMY 
I\ VESSELS OF DIFFERENT CALIBER 


bAVID C. SABISTON, JR., M.D., F.A.C.S., GARDNER W. SMITH, M.D., and 
J\MES L. TALBERT, M.D., Baltimore, Maryland 


Al SUCCESSFUL EMPLOYMENT of thrombo- 
e)arterectomy in the treatment of occlu- 
sic arterial lesions secondary to athero- 


sicrosis has led to an interest in the prob- 
cms associated with the application of this 
procedure to small vessels. One of the most 
important problems in current clinical med- 
icine is that associated with coronary athero- 
sclerosis. Recently, attention has been di- 
rected toward a direct approach in the sur- 
vical removal of localized obstructions in 
the coronary arteries and several clinical 
and pathologic studies have been reported. 
Although experimental investigation of heal- 
ing after endarterectomy has been extensive, 
there has been little attempt to relate this 
process to the size of the vessel involved. ‘The 
present study has been undertaken to evalu- 
ate the results of experimental endarterec- 
tomy in systemic vessels of various size in- 
cluding those of a caliber comparable to the 
size of human coronary arteries. 


METHODS 


Twenty-eight adult dogs were employed 
in the study. The animals were anesthetized 
with ether administered through an endo- 
tracheal tube and maintained with a me- 
chanical respirator. In 10 dogs the abdomi- 
nal aorta was exposed below the renal 
arteries, and a segment approximately 3 
centimeters in length was isolated. Arterial 
clamps were applied proximally and dis- 
tally and an arteriotomy was made. An 
endarterectomy 1 centimeter in length was 

From the Department of Surgery, The Johns Hopkins Univer- 
sity School of Medicine and Hospital, Baltimore 

This work was aided by a grant (H-2864) from the National 


Heart Institute, National Inst'tutes of Health, U. S. Public 
Health Service, Bethesda, Maryland. 
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performed as illustrated in Figure 1. The 
endarterectomy was performed by careful 
dissection with small, sharp, curved scissors 
in a plane through the muscular layer. It 
was rather striking that this plane was 
usually found without difficulty, and the 
intima and a portion of the muscular layer 
were excised as a single specimen (Fig. 2). In 
9 animals, a similar procedure was _per- 
formed on the femoral artery. 

In a second study, 88 per cent phenol was 
applied to the intimal surface of a 1 centi- 
meter segment of the abdominal aorta and 
femoral artery. The technique of exposure 
was essentially the same as in the animals 
with endarterectomy. Absolute alcohol was 
immediately applied for neutralization, and 
this was followed by thorough irrigation 
with normal saline. All arteriotomies were 
closed with a continuous suture of No. 5-0 
or 6-0 arterial silk. No anticoagulants were 
employed either during or after the opera- 
tion. The diameter of the vessel at the 
operative site was determined after the pro- 
cedure and in all instances was found to be 
essentially the same as the initial measure- 
ment. 

The progressive stages of arterial healing 
were studied grossly and histologically in 8 
additional animals which were sacrificed at 
periods of 1 to 42 days after operation. All 
other animals were followed up for 6 to 11 
weeks at which time they were sacrificed 
and arteriograms made. The gross charac- 
teristics of the arteries were noted, and the 
histologic aspects were studied by tissue 
sections prepared with hematoxylin and 
eosin, azocarmine, and Verhoeff-van Giesen 
stains. 
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Fic. 1. Illustration of the technique employed in the 
performance of aortic endarterectomy. The plane of dis- 
section is through the outer portion of the muscular layer 
of the arterial wall. 


RESULTS 


Early healing. In the group of animals with 
endarterectomy which were sacrificed early 
in the postoperative period, it was found 
that the endarterectomy defect was quickly 
obliterated by the deposition of fibrin con- 
taining an inflammatory exudate. This 
fibrin lattice was then invaded by fibro- 
blasts. With the passage of time, this layer 


became organized with the appearance of 
5 


TABLE I.—ENDARTERECTOMY 
Microscopr 
Animal Diameter, Time, thickening of 
No. mm. weeks Lumen arterial wall 
ABDOMINAL AORTA 

3 6.0 6 Patent Slight 

4 6.0 6 Patent Slight 

5 6.0 6 Patent Slight 

9 6.5 6 Patent Moderate 

8 7.0 6 Patent Slight 
10 7.0 6 Patent Slight 

6 7.5 6 Patent Slight 
11 8.0 0 Patent Moderate 
16 9.0 8 Patent Moderate 
23 9.0 11 Patent Slight 
FEMORAL ARTERY 

9 3.0 6 Occluded Complete thrombosis 
10 3.0 6 Patent Slight 

11 3.0 6 Patent Moderate 
16 3.0 8 Patent Normal 
160 3.0 8 Patent Moderate 

6 4.0 6 Patent Moderate 

x 4.0 6 Patent Moderate 
13 4.0 6 Patent Moderate 
14 4.5 ) Patent Slight 





May 1960 


an endothelium-like lining. In the animals 
in which chemical injury of the arterial wall 
was produced by application of phenol (38 
per cent), the muscular layer underwent 
gradual necrosis within a week, and this aiea 
developed into an amorphous hyalinized 
band. The internal and external elastic |a- 
mellae remained intact, although the el is- 
tic fibers became slightly fragmented. Fb- 
rin was deposited on the surface and was 
later invaded by fibroblasts. ‘The hyalinized 
band which represented the former muscu ar 
layer appeared to remain resistant to t iis 
cellular infiltration. 

Late results. The animals in the second 
endarterectomy series were followed up tor 
6 to 11 weeks prior to sacrifice in order to 
assess the fate of the vessels studied. In all |() 
animals with endarterectomy of the abdoin- 
inal aorta, the aorta was found to be pateit. 
The diameter of the aorta in these animals 
varied between 6.0 and 9.0 millimeters. In 9 
femoral arteries varying in diameter from 
3.0 to 4.5 millimeters in which a similar pro- 
cedure was performed, 8 were patent with | 
instance of total occlusion (Fig. 3a and 4c). 
The data from the animals with endarterec- 
tomy are presented in ‘Table I. 

In the series in which phenol was applied, 
the abdominal aorta remained patent in 


TABLE II.—PHENOL APPLICATION 


Animal Diameter, Time, Thickening of 
Vo. mm, weeks Lumen arlerial wall 
ABDOMINAL AORTA _______ 
27 6.5 10% Patent Slight 
25 7.0 10 Patent Normal 
17 to 10 Patent Normal 
26 1a 10 Patent Moderate 
24 8.0 11 Patent Moderate 
28 8.5 8 Patent Moderate 
29 8.5 9 Patent Slight 
21 8.5 11 Patent Moderate 
14 9.0 6 Patent Slight 
FEMORAL ARTERY 
12 35 6 Patent Slight 
13 4.0 6 Patent Moderate 
14 4.0 6 Patent Slight 
17 4.5 10 Patent Modetate 
17 4.5 10 Patent Slight 
26 4.5 10 Patent Moderate 
26 4.5 10 Patent Slight 
21 5.0 11 Patent Moderate 
21 5.0 11 Occluded Complete thrombosis 
23 5.0 11 Patent Moderate 
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Fic. 2. a, Photomicrograph of normal femoral artery 
showing relative thickness of the muscular and adventitial 
layers. Verhoeff-van Giesen stain, X18. b, Photomicro- 
graph of femoral artery immediately after endarterec- 
tomy. The plane of cleavage is through the muscular 
layer. Verhoeff-van Giesen stain, X18. c, Photomicro- 
graph of layer removed from aorta during endarterec- 
tomy. The intima is at the top and muscular layer be- 
neath. Hematoxylin and eosin stain, * 190. 


each of the 9 animals studied (Fig. 3c). In 


the femoral arteries treated with phenol 9 of 


10 vessels remained patent with total occlu- 
sion in one (Table IT). 

In the group of animals with endarterec- 
tomy and in those with phenol application 
lollowed up for prolonged periods (6 to 11 
weeks), the histologic sections of the opera- 
tive sites demonstrated slight to moderate 
thickening of the arterial wall in some 
instances, and in several animals this process 
had progressed to narrowing and in one 
lemoral artery to total occlusion of the 
lumen. The extent of this change is noted 
ior each vessel in Tables I and II. 


EVALUATION OF EXPERIMENTAL ENDARTERECTOMY — - 


T 
T 


6! 


J 
~ 


DISCUSSION 


It has been conclusively demonstrated by 
a number of workers that endarterectomy 
is both feasible and successful in the clini- 
cal management of occlusion of large 
sels such as the aorta and 
The femoral, carotid, vertebral, superior 
mesenteric, and other arteries of intermedi- 
ate size have also been similarly attacked by 
DeBakey and associates as well as others, 
and with good results. Recently the work of 
Longmire, Cannon, and Kattus has stimu- 
lated an increased interest in the possibility 
of direct surgical removal of atheromas from 
the coronary arteries. 


ves- 


iliac arteries 


The ultimate success 
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a 

Fic. 3. a, Arteriogram 6 weeks after aortic and femoral 
endarterectomy at site marked by arrows. No significant 
abnormality can be detected. b, Arteriogram 6 weeks 
after femoral endarterectomy at site indicated showing 
complete thrombosis with patency of artery distally. This 
represented the only thrombosis which occurred in the 
animals with endarterectomy. The aortic endarterectomy 
healed with no evidence of narrowing of the lumen visible 
in the arteriogram. c, Arteriogram 6 weeks after applica- 
tion of phenol to the aorta and femoral artery at sites 
marked. No significant abnormality can be detected. 


of this approach depends upon the ability 
of the coronary vessels to remain patent 
after endarterectomy. 

The difficulties associated with the appli- 
cation of data obtained from a normal 
arterial system to the evaluation of one 
which is diseased are obvious and are im- 
mediately recognized. ‘The most important 
factor in the determination of continued 
vascular patency after endarterectomy is 
the degree of patency of the vessels in the 
peripheral vascular bed. However, it should 
be noted that there is no evidence to indi- 
cate a selective tendency of the coronary 
arteries to undergo thrombosis after acute 
injury. In fact, previous experience in our 





May 1960 


Cc 


laboratory with the implantation of sys- 
temic arteries into various organs has sug- 
gested the possibility that the coronary 
vessels may be selectively protected from 
vascular occlusion under such circuin- 
stances. Implants of arteries into the myo- 
cardium were shown to remain patent in 
more than 90 per cent of specimens whereas 
similar implants into other organs became 
totally occluded with the formation ol! 
thrombi (6). If these conditions prevail, it 
would appear that the incidence of con- 
tinued patency after coronary endarterec- 
tomy might be expected to be at least as 
good as if not better than that obtained in 
systemic arteries of comparable size. 
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In the present study, an attempt has been 
made to compare the results of experimental 
endarterectomy in the dog in vessels of large 
diameter such as the abdominal aorta with 
smaller vessels such as the femoral arteries. 
The latter are comparable in size to coro- 
nary arteries in the human. Previous in- 
vestigation on this subject is minimal, and 
the data available suggest the difficulty of 
maintaining continued patency in the ves- 
sels of small caliber after the performance 
of an endarterectomy on the iliac arteries 
of dogs with diameters of 3.0 to 5.0 milli- 
meters. 

The data reported here indicate that 
endarterectomy in vessels the size of the 
abdominal aorta in the dog is associated 
with little or no risk of arterial occlusion. In 





Fic. 4. a, Photomicrograph of femoral artery 6 weeks 
after endarterectomy demonstrating smooth surface and 
thickening of the intimal layer. Verhoeff-van Giesen 
stain, X47. b, Photomicrograph of aorta showing transi- 
tional area from normal artery to that at site of endar- 
terectomy. The latter site is filled with organized fibrous 
tissue. The normal internal elastic lamella is marked with 
arrow in upper left corner. Verhoeff-van Giesen stain, 
47. c, Photomicrograph of femoral artery shown in the 
arteriogram in Figure 3b. Complete thrombosis has 
occurred. Verhoeff-van Giesen stain, * 47. 


the femoral vessels the incidence of long- 
term patency was also high (90 per cent). 
These vessels (with a diameter of 3.0 to 5.0 
mm.) are approximately the size of the 
coronary arteries in man. 

In an evaluation of the character of arte- 
rial healing following experimental endar- 
terectomy, an attempt has been made to 
control the factors which might influence 
this process. The depth of injury has been 
ascertained by microscopic section, and 
only those vessels which were comparable in 
this respect have been included. ‘The periph- 
eral vascular bed has been assumed to be 
similar in each instance, since only normal 
stock animals were employed. For the same 
reason local and systemic factors affecting 
blood coagulation also have been assumed 
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to be relatively constant. The fact that the 
initial stages of arterial healing are com- 
pleted by 6 weeks has been confirmed. 


Although certain) changes undoubtedly 
occur after this period, clinical experience 
with endarterectomy indicates that the 


majority of the reaction occurs in the first 
few months. 


SUMMARY 

In an experimental study, the effects of 
endarterectomy on the abdominal aorta and 
femoral artery of the dog were evaluated. 
The femoral arteries in these animals were 
comparable in size to the coronary arteries 
of the human heart and for this reason were 
selected for comparison. The stages of arte- 
rial healing following surgical endarterec- 
tomy as well as the changes following chem- 
ical endarterectomy are described. The re- 
sults showed that after aortic endarterec- 
tomy the vessels remained patent without 
significant alteration in the diameter of the 
lumen. Endarterectomy in the femoral 
artery was also followed by a high incidence 
of patency although narrowing was present 
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in some of the vessels. ‘The data support 
the conclusion that endarterectomy may he 
performed on arteries of small diameter 
comparable in size to the coronary arterics 
of man with expectation of continued 
patency. 
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OBSERVATIONS OF EXPERIMENTAL GRAFTS 
IN THE INTRATHORACIC VENAE CAVAE 


LESTER R. SAUVAGE, M.D., F.A C.S., and ROBERT E. GROSS, M.D., F.A.C.S., 


on, Massachusetts 


Bo 


‘Ti, RESULTS OBSERVED during implantation 
pe:iods of approximately 1 year with three 
dil/erent types of experimental tissue grafts 
used for replacement of the intrathoracic 
venae cavae of dogs are reported herein. 
Although 1 year is too short an observation 
period to allow for definitive conclusions, 
the results observed have been so definite 
that their description at this time has seemed 
desirable. 
EXPERIMENTAL METHOD 

Seven dogs weighing an average of 14 
kilograms were employed. Each dog was 
anesthetized with sodium pentobarbital, 30 
milligrams per kilogram, administered in- 
travenously. After the induction of anes- 
thesia, moderate hypothermia was induced 
by immersion of the dogs for a brief period 
in cold running tap water according to a 
simple technique previously described (6). 
All graft implants were performed in an 


aseptic manner. In each, the right side of 


the chest was opened through the fifth inter- 
costal space, and the superior and the in- 
lerior venae cavae were freed. A 1.5 cen- 
timeter segment of the inferior vena cava 
was excised between Glover arterial clamps 
alter which continuity was restored by 
means of a 2.5 centimeter length graft. Both 
anastomoses were performed with running 
No. 5-0 silk placed as an end-on coaptation 


sutch. The average period of occlusion of 


the inferior vena cava was 24 minutes. The 


mid-descending portion of the thoracic 
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aorta was occluded Glover arterial 
clamp for an average period of 21 minutes 
during the time that the graft was being 
placed in the inferior vena cava. 

After placement of the inferior vena caval 


graft, a 1.5 centimeter segment of the supe- 


by a 


rior vena Cava was excised between Glover 
arterial clamps and continuity restored with 
a 2.5 centimeter length graft of the same 
type as employed in the inferior vena cava. 
The azygos vein was left intact. The im- 
plantation technique was the same as that 
employed for placement of the inferior vena 
caval graft. The average period of superior 
vena caval occlusion was 28 minutes. 

No intravenous fluids or blood 
fusions were given to any animal during 
operation or postoperatively. However, each 
dog received 600,000 units of penicillin and 
0.5 gram of streptomycin intramuscularly 
the day of operation. 

In 2 
grafts made from the right external jugular 
vein were employed (Fig. 1), in 2 dogs fresh 
pericardial autografts were employed (Fig. 


trans- 


dogs fresh composite venous auto- 


2), and in 3 dogs ascending aorta homo- 
grafts preserved 5 days in saline at 4 degrees 
C. prior to implantation were employed 
(Fig. 3). These animals were observed care- 
fully after operation, and each was subse- 
quently studied angiographically by 


15 


the 


simultaneous injection of cubic cen- 
timeters of 90 per cent hypaque into both an 
external jugular vein and the abdominal in- 


ferior vena cava. 
RESULTS 


The results of these three different types 
of tissue grafts into the intrathoracic venae 








RESULTS OF TISSUE GRAFTS IN THE INTRATHORACIC VENAE CAVAE OF DOGS 


= <= resin 
Days after 


PVC. operation Status of dog 
Excellent 423 Good conditio 
Excellent 414 Good conditio 


Excellent — Died after angiogram 


Excellent 149 Good conditio 
Stenosed and calcified 369 Good conditio 
Stenosed and calcified 362 Good conditio 
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TABLE I 
. i Angiographic study 
No. of — Days after 
Type of graft dogs operation S.7.C. 
Fresh 
composite 1 243 Excellent 
venous 
autografts z 235 Excellent 
Fresh 1 240 Occluded 
pericardial 
autografts 2 21 Occluded 
Preserved 1 202 Occluded and calcified 
ascending 
aorta 
homografts 2 221 Severely stenosed and 
(5 days in calcitied 
saline at 4° 
C.) 3 202 Occluded and calcified 


cavae are shown in ‘Table I. In brief, the 
fresh composite venous autografts were ex- 
cellent in both the superior and the inferior 
venae cavae (Fig. 4). The fresh pericardial 
autografts were satisfactory in the inferior 
vena cava but not in the superior vena cava 
(Figs. 5 and 6). The preserved ascending 
aorta homografts (5 days in saline at 4 de- 
grees C.) manifested a tendency to occlusion 
in the superior vena cava and to stenosis in 
the inferior vena cava (Fig. 7). All of these 
homografts in both locations became heavily 
calcified (Fig. 8). 


DISCUSSION 


The important factors to consider in the 
selection of a particular type of graft for 
clinical use in the cardiovascular system are 
its liability to complications, its ease of 
technical handling, and its availability. The 
list of possible complications includes infec- 
tion, thrombosis (both early and late), em- 
bolism, contracture, aneurysm formation, 
and rupture. All of these complications are 
considerations of importance for grafts im- 
planted in the arterial system. However, for 
grafts implanted in the venous system only 
the complications of infection, thrombosis, 
embolism, and contracture warrant serious 
consideration. 

‘The experimental data of Deterling and 
Bhonslay, Sauvage and Wesolowski, and 
Bryant, Lazenby, and Howard have demon- 
strated that arterial homografts in the 


Stenosed and calcified - Died after angiog am 


venous system have an inherent tendency to 
undergo contracture and thrombosis. ‘| he 
clinical success of Baffes, Riker, DeBoer, a id 
Potts with aortic arch homografts for dive t- 
ing the inferior vena caval blood into tie 
left atrium in cases of transposition of te 
great vessels has seemed to be at variance 
with such data. The successful use of these 
grafts by Baffes and associates suggested that 
a segment of the aortic arch in the venous 
system might have a different fate than 
would segments of other portions of the 
arterial system. However, the data of our 
studies indicate that preserved homograits 
of the ascending aorta (5 days in saline at 4 
degrees C.) have a fate similar to that of 
homografts of other portions of the arterial 
system when implanted into the intrathora- 
cic venae cavae of experimental animals. 
But, it is essential to emphasize that the 
homografts here reported upon were pre- 
served at 4 degrees C. in a less than ideal 
medium for 5 days prior to implantation. 
namely in isotonic saline. Perhaps this 
preservation method is responsible, at least 
in part, for the apparent differences between 
the results of our experimental studies and 
those of Baffes’ clinical series. On the other 
hand, it is possible that the development of 
these graft alterations within a few montis 
of implantation could be related to the more 
rapid life cycle of the dog as compared to 
that of the human. Longer periods of clinical 
observation will be necessary to determine 
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Sauvage and Gross: EXPERIMENTAL GRAFTS IN INTRATHORACIC VENAE CAVAE 


Fic. 2. Fic. 3. 


Fic. 1. Fabrication of double seam composite venous autografts and their implantation into the 
intrathoracic venae cavae. In 1 dog the grafts were fabricated as shown from 2 opened free segments 
of the external jugular vein. In the other dog the external jugular vein was transected but once: 
then, these 2 segments were opened and fashioned into single seam tubes which was accomplished 
by suturing the upper border of each segment to its lower border. 

Fic. 2. Fabrication of single seam pericardial autografts and their implantation into the intrathor- 
acic venae cavae. 

Fic. 3. Implantation of ascending aorta homografts, preserved 5 days in saline at 4 degrees C. 
prior to implantation, into the intrathoracic venae cavae. 
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Fic. 7 


Fic. 4. Angiogram 243 days postoperatively of dog 
with a fresh double seam composite venous autograft in 
both the superior and the inferior venae cavae (Fig. 1). 
Note the smooth appearance of the grafts and the ab- 
sence of any evidence of collateral venous circulation. 
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Fic. 6. 


Fic. 5. Angiogram 236 days postoperatively of dog 
with fresh single seam pericardial autograft in both supe- 
rior and inferior venae cavae (Fig. 2). Note extensive col- 
lateral venous circulation about occluded graft in supe- 
rior vena cava and absence of collateral venous circula- 
tion about unobstructed graft in inferior vena cava. 

Fic. 6. Open view of the inferior vena caval pericardial 
autograft (Fig. 5). The dog died a few hours after angio- 
gram procedure. Note excellent healing of both the trans- 
verse and longitudinal suture lines, resemblance of the 
graft to the inferior vena cava, and absence of thrombo- 
sis, stricture, or degenerative change in the graft. 

Fic. 7. Angiogram 202 days postoperatively of dog 
with a preserved ascending aorta homograft in both the 
superior and the inferior venae cavae (Fig. 3). Note the 
remarkable collateral venous circulation about the oc- 
cluded graft in the superior vena cava and the stenosis 
of the graft in the inferior vena cava with the near cou- 
plete retrograde delineation of the hepatic veins, 
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Fic. 8. Fate of preserved ascending aorta homografts (5 days in saline at 4 degrees C.) in the 
intrathoracic venae cavae at 202 days after implantation. The grafts shown are those of the animal 
seen in Figure 7. This dog died a few minutes after the angiogram procedure. a, The external view 
of these grafts is seen. The occluded graft in the superior vena cava is to the left. Note the flat- 
tening of the graft in the inferior vena cava and the corrugation of its wall due to contracture. b, 
The open view of the stenosed graft in the inferior vena cava is seen. Note that its semirigid walls are 
being forcibly held apart to show the smooth inner surface. c, The plain roentgenogram of this speci- 
men is seen. Note the extensive calcification in both grafts. 


if graft contracture will occur similar to that 
developing in our experimental grafts in 
animals. Until this essential observation is 
available, a definite statement relative to the 
ultimate fate of clinical aortic arch homo- 
erafts in the venous system cannot be made. 

Autogenous pericardium is readily avail- 
able for use in the intrathoracic venae cavae. 
Unfortunately, pericardial autografts ap- 
pear subject to early thrombosis when im- 
planted in the superior vena cava as judged 


both by our observations and by those of 


Riberi and Moore. The persistent patency 
in our study of the 2 pericardial autografts 
implanted in the inferior vena cava and the 
loss of patency of both grafts of this type im- 
planted in the superior vena cava are 
puzzling. We believe that study of the 
causes of failure of these grafts in the supe- 
rior vena Cava is indicated. 

Venous autografts possess the advantages 
of relative availability and comparative 
freedom from complications. Defects of im- 
portant small and medium sized veins may 
be bridged by means of free grafts taken 
from nonessential veins elsewhere in the 
body. Unfortunately, the available autog- 
enous veins are rarely of adequate caliber 
for use in the venae cavae. ‘The construction 
of large caliber compilation venous auto- 
grafts from smaller veins would appear to be 
a valuable technique in selected instances 


for grafts of the venae cavae despite the fact 
that this method is both time-consuming 
and tedious. Venous autografts are preferred 
for use in all parts of the venous system. The 
case of Scannell and Shaw and of Hanlon 
attest to their clinical value. 

Only through the long term study of both 
experimental and clinical grafts in the 
venous system will the ultimate fate of these 
grafts be known. Five of the 7 dogs reported 
on in this article are being kept for such 
study. A subsequent report on these animals 
is planned for after several additional years 
of observation. 

SUMMARY 

A series of 14 experimental grafts in the 
intrathoracic venae cavae of 7 dogs has been 
presented. Fresh composite venous auto- 
grafts made from the external jugular vein, 
fresh pericardial autografts, and ascending 
aorta homografts preserved in saline at 4 
degrees C. for 5 days prior to implantation 
were studied in 2, 2, and 3 dogs respectively. 
In each dog, 2 grafts of the same type were 
employed, one to bridge a defect of the in- 
ferior vena cava and the other to bridge a 
comparable defect of the superior vena cava. 
From observation of these grafts during im- 
plantation periods of approximately 1 year 
we can say that: (1) fresh composite venous 
autografts function perfectly in both the 
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superior and the inferior venae cavae; (2) 
fresh pericardial autografts function well in 
the inferior vena cava but undergo early 
thrombotic occlusion in the superior vena 
cava, and; (3) preserved ascending aorta 
homografts (5 days in saline at 4 degrees C.) 
undergo calcification and stenosis (progres- 
sive) in both the superior and the inferior 
venae cavae with a liability to early oc- 
clusion in the superior vena cava. Longer 
implantation periods are necessary before 


the ultimate fates of these different types of 


tissue grafts can be ascertained with cer- 
tainty. Five of the 7 animals reported upon 
in this article are being kept for such a study. 
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URETER WITH FISTULA 


‘THE MANAGEMENT AND REPAIR OF LESIONS OF THE 


SIUNEY R. WEINBERG, M.D., F.A.C.S., FRANK C. HAMM, M.D., F.A.C.S., and BENJAMIN 


BI RMAN, M.D., Brooklyn, New York 


U. &TEROVAGINAL Or ureterocutaneous fis- 
tuii usually follows trauma incidental to 


|pe'vic surgery, especially radical hysterec- 


tory or abdominoperineal resection of the 
rectum. Two important factors demand im- 
mediate attention: The first is preservation 
of the involved kidney, for constriction of the 
urcter at the site of fistula frequently de- 
velops, causing proximal ureteral dilation 
with hydronephrosis. The ureteral stricture 
results from two causes, surgical trauma and 
fibrosis secondary to extravasation of urine 
into the periureteral tissues. At the begin- 
ning, dilation of the excretory passages is 
reversible, but, if allowed to continue, 
atrophy of the kidney with complete irrep- 
arable loss of function results. ‘The second 
consideration is relief of external urinary 
drainage. 


DIAGNOSIS 


Involvement of a single ureter frequently 
is overlooked in the immediate postopera- 
tive period. Diminution of urinary output 
and loss of renal function do not occur as 
the uninvolved kidney maintains normal 
homeostasis. The symptoms related directly 
‘o obstruction of the ureter or extravasation 
of urine into the periureteral tissues are ele- 
vation of temperature, unusual abdominal 
distention, persistent ileus, and pain over 
the kidney or in the flank. These symptoms 
and signs may not be striking and are often 
overlooked in the immediate postoperative 
period, being mistaken for disturbances due 
to the previous extensive surgical procedure. 

From the State University of New York, Downstate Medical 
Center, Department of Surgery, Division of Urology, and the 
Departments of Urology of Kings County Hospital Center and 


lhe Brooklyn Hospital, Brooklyn, New York. 
Supported by U. S. Public Health Grant No. H-2908 (C2). 


If the diagnosis of injury to a ureter is to be 
made, it is important to bear these symp- 
toms and signs in mind, for external drain- 
age of urine from vagina or skin did not ap- 
pear in our patients until the fifth to the 
eighteenth postoperative day, and in one 
patient the urinary discharge did not begin 
until 4 weeks after operation. From the in- 
formation available in these case histories, 
no single factor can be implicated as to the 
prime cause of the fistula so that clamping, 
ligating, or stripping of the ureter may have 
been responsible. ‘Thus, the rate of develop- 
ment of fistula and the appearance of ex- 
ternal urinary drainage varies with each pa- 
tient. 

When _ both involved by 
trauma, clinical recognition is made without 
difficulty as oliguria and anuria result. All 
the symptoms and signs related to rapid loss 
of kidney function follow. This is an urgent 
situation requiring immediate attention. 
Cystoscopy with an attempt to drain the 
kidneys by ureteral catheters is indicated. If 
that is not possible surgical treatment— 
nephrostomy, deligation of ureters, or a 
combination of procedures—must be done. 
The choice depends in the main on the con- 
dition of the patient so that a uniform course 
cannot be recommended. 


ureters are 


MANAGEMENT 

Once the diagnosis is suspected, excretory 
urography and then cystoscopy with an at- 
tempt at retrograde delineation of the ure- 
ters should be performed. Excretory urog- 
raphy demonstrates the condition of the 
involved kidney, and dilation of the ureter 
implicates any possible injury even before 
abnormal drainage 


urinary begins. At 
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Fic. 1. Patient H. B. Healing of ureterovaginal fistula without surgery. a, Excretory urogram of 
10 October 1950 showing dilatation of ureter and pelvis of left kidney (arrow); ureterovaginal fistula 


present. b, Excretory urogram taken 


7 years later, 23 January 1957, showing normal renal function 


and structure; ureterovaginal fistula closed spontaneously 10 weeks after appearance. 


cystoscopy, differential diagnosis from vesi- 
cal fistula can be established. Also, it can be 
ascertained whether obstruction of the ure- 
ter is complete. ‘This is most important, for 
when incomplete obstruction is present, suc- 
cessful healing of the ureter without stricture 
may result. But when complete obstruction 
is encountered, hydronephrosis is the out- 
come without corrective surgery. 

As an example of successful nonoperative 
management of a patient with uretero- 
vaginal fistula and proper healing, in a 42 
year old urinary discharge de- 
veloped from the vagina 4 weeks after 
supracervical hysterectomy. Only once at 
cystoscopy could a catheter be passed be- 
yond the obstruction in the left ureter. 


female, 


Pyelograms taken at the time of initial 
cystoscopy showed left ureterectasis and 
pyelectasis. Ten weeks after operation uri- 
nary drainage diminished and then ceased. 
Excretory urography indicated normal func- 
tion 7 years after the initial cystoscopy in 
spite of a bayonet-shaped ureter in the area 
of the previous injury (Fig. 1). 

On the other hand, when obstruction o! 
the ureter is complete, proximal dilation o! 
the ureter and kidney from pressure of urine 
causes renal atrophy with complete loss o! 
function unless reparative surgery is done. 
This may account for the spontaneous heal- 
ing or “cures” that have been noted follow- 
ing ureteral fistula. Liu and Meigs, Spring. 


and Kulnitz, after examining the kidneys o! 





pal 
spc 
nol 
pol 





initial 

and 
1 url- 
-ased. 
func- 
py in 


> ared 


ion ol 
ion ol 
urine 
OSs Ol 
done. 
heal- 
yllow- 
ring, 
eys ol 


Weinberg ef al.: MANAGEMENT AND REPAIR OF LESIONS OF URETER WITH FISTULA = 577 





Fic. 2. Method of extraperitoneal ureteroneocystostomy using proximal linear ureterotomy for di- 
version of urine. a, Side view. b, Incision closed. 


Fic. 3. Patient A. 


P. Demonstration of left ureterovaginal fistula with complete obstruction. 


Improvement after ureteroneocystostomy noted 414 years later. a, Preoperative normal left kidney 


and ureter. b, Complete obstruction to left ureteral catheter. c, Excretory urogram showing marked 


left calycectasis. d, Excretory urogram made 4 years after ureteroneocystostomy. Note normal renal 


and ureteral structure and function. 


patients with ureter fistulas which closed 
spontaneously, have reported on this phe- 
nomenon. In each instance but 1 of the 17 re- 
ported cases, urography demonstrated that 


the involved kidneys had degenerated. Also, 
in 2 patients, urinary drainage from a 
ureter stopped “spontaneously”; the kid- 
neys had no demonstrable function. 
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Fic. 4. 


Fic. 4. 


Patient L. M. Excretory urograms demonstrating progressive dilatation and destruction 
of right kidney during course of ureterovaginal fistula, and subsequent recovery. a, 


Preoperative 


excretory urogram—normal renal and ureteral function and structure. b, Excretory urogram after 
radical hysterectomy. Note abrupt block to urine flow at arrow. c, Two months later, dilatation 
of calyces is advanced. d, Four months after hysterectomy, function of kidney has deteriorated. 


‘The formation of ureteral stricture at the 
site of ureterovaginal fistula is comparable 
to strictures of the ureter formed at the site 


of experimental defects made in the wall of 


the ureter in the presence of improper 


drainage. It has been demonstrated ex- 


perimentally that the ureter is capable of 


regeneration in all its coats after the creation 
of an artificial defect, but only when ade- 
quate drainage of urine is provided. In those 
instances when the drain was removed by 


the animal before complete regeneration of 


the defect had taken place, stricture formed 
at the site of defect. This situation com- 
pares with that of a ureter with fistula when 
urine extravasates into the extraperitoneal 


tissues. 


In summary then, operative treatment 
for ureteral fistula is indicated when the 
ureter is obstructed, when there is evidence 
of toxicity due to pyelonephritis, and when 
excretory urography demonstrates progres- 
sive deterioration of the involved kidney. 
SURGICAL REPAIR 

Surgical correction of a fistula of the ure- 
ter has consisted of: (1) nephrectomy, (2) 
tying the ureter in the hope that the in- 
volved kidney would cease functioning, or 
(3) reconstructive surgery to eliminate the 
fistula and re-establish continuity of ureter 
with the bladder. 

Nephrectomy is recommended for those 
individuals with incurable disease or if the 
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3. 4 


Fic. 4. e, Review excretory urogram taken 15 months after ureteronecocystostomy. Note satisfac- 


tory function and disappearance of dilatation noted in preoperative films. f, Retrograde cysto- 


gram. Note absence of reflux into right anastomosed ureter. 


kidney has been damaged so severely as to 
preclude return to proper function. 

Tying the ureter in the hope that the in- 
volved kidney will atrophy silently can lead 
to serious trouble and is not recommended. 
Hawkins, Benson and Hinman, and Hamm, 
Weinberg, and Waterhouse (3) have ex- 
pressed similar beliefs. In a patient in whom 


this procedure was carried out for relief of 


ureterovaginal fistula, severe pyelonephritis 
was followed by sepsis. ‘The patient died on 
the fifteenth postoperative day. 
Reconstructive surgery is the preferable 
treatment and is performed by one of two 
methods: ureteroneocystostomy or direct 
anastomosis of the stump of proximal seg- 
ment of the disrupted ureter to the bladder, 
and end-to-end anastomosis of ureter with 


excision of the segment involved in the 
fistula. Although we have advocated anas- 
tomosis in instances in which the ureter has 
been transected and have described a method 
of repair that has given good results (3), 
we have not been able to use this procedure 
for repair of ureteral fistula. In our patients 
with ureteral fistula, the lower segment of 
ureter has been involved in dense scar so 
that the distal ureter was destroyed, making 
end-to-end anastomosis 
method of choice in this group has been 
ureteroneocystostomy with the 
tions to be described. The modifications are 
either the construction of an elongated ver- 
tical bladder tube flap or the preparation of 
an isolated segment of small bowel to act 


impossible. ‘The 


modifica- 


as a substitute ureter. These conduits are 
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Fic. 5. Patient P. R. Dilatation and calycectasis of left kidney. a, Excretory urography after ab- 
dominoperineal resection of rectum. Note dilatation and calycectasis of left kidney (at arrow) with 
left ureteroperineal fistula. b, Excretory urogram demonstrating improvement in renal function and 


structure after repair of urinary fistula. 


necessary to bridge the gap between a short 
proximal ureter segment and bladder. In 
the past, good results have not been con- 
sistent after these plastic surgical proce- 
dures. ‘The fact that repair of ureterovaginal 
fistula has been attempted by many tech- 
niques shows that none has been successful 
universally. The principal difficulties have 
been inability to identify the ureter in the 
mass of scar that surrounds the uretero- 
vaginal fistula, difficulty in proper mobiliza- 
tion of the ureter resulting in undue tension, 
and the ill effects of stagnant urine about 
the anastomotic site. ‘The unsuccessful re- 
pairs have been trailed by infection caused 
by stasis of urine proximal to stricture. 
Secondary nephrectomy then becomes in- 
evitable. 

To insure a successful result it is essential 
that the principles of plastic surgery be fol- 


lowed, specifically: (1) ‘he parts to be 
anastomosed must have adequate blood 
supply. (2) ‘The anastomosis must not be 
under tension. (3) Adequate drainage is 
provided. (4) A factor that pertains specil- 
ically to plastic surgery of the urinary tract, 
stagnant urine, must not be allowed to ac- 
cumulate about an anastomotic site as in- 
fection and stricture of the anastomosis can 
result. 

The four cardinal principles were applied 
as follows: 

1. As the blood supply of the ureter is 
mainly in its fibrous sheath, the ureter was 
not unduly traumatized by stripping, exces- 
sive handling, or the use of too many su- 
tures, so that sufficient blood was allowed to 
be present at the ureter end. ‘The bladder 's 
very vascular, presenting adequate blood 
supply at its end of the anastomosis. 
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Fic. 6. Patient M. P. Repair of ureterovaginal fistula by ureteroneocystostomy after formation 
of bladder tube flap. a, Normal preoperative right upper urinary tract. b, Retrograde catheteriza- 
tion of right ureter showing complete obstruction of ureter after right ureterovaginal fistula (arrow). 
c, Improvement in renal function after ureteroneocystostomy into bladder tube flap 6 weeks after 


operation. d, Oblique view of same. 


2. As the degree of tension at the anas- 


tomotic site varies mainly with the length of 
ureter proximal to the fistula, a ureter of 


questionable length should be mobilized to 
diminish the degree of tension. In our pa- 
tients, the involved ureter was mobilized 
from the junction of its middle and upper 
thirds to the area of fistula, which was usu- 
ally just below the bifurcation of the iliac 
vessels. It was then brought directly to the 
bladder in a straight line eliminating the 
lateral course that an unmobilized ureter 
takes over the side wall of the pelvis. Also, 
when the ureter was too short to reach the 
posterior or lateral wall of the bladder, the 
peritoneum was incised, the ureter sutured 
to the dome of the bladder, and the peri- 
toneum then closed anterior to the anasto- 
mosis, placing it in the retroperitoneum. 
These expediencies are preferred to making 
an anastomosis that would be under ten- 
sion. 


3. Drainage of the operative site was no 
problem as a simple rubber tissue drain from 
the retroperitoneal area to the skin wound 
allowed proper egress of tissue fluids and any 
It is essential that the 
drain be left in place for at least 10 to 14 
days; this period of time is needed before a 
firm, watertight anastomosis is formed. 

4. Stasis of urine about the anastomosis is 
eliminated by 
ureterotomy above the anastomosis. In our 


extravasated urine. 


means of vertical linear 
laboratory, by using an electromanometer 
to record peristalsis, it has been demon- 
strated that linear ureterotomy proximal to 
an area of ureteral surgery leaves the ureter 
quiescent, that is, with infrequent peristaltic 
contractions of very low amplitude until 
healing is complete. By this device, urine 
can be kept away from the anastomotic site 
for approximately 10 days, a period of rest 
necessary to allow regression of dilation and 


edema. After this time, the linear ureter- 
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a 


Fic. 7. a, Diagram of surgical repair of bilateral ureterovaginal fistulas. b, Patient B. N. Excre- 
tory urogram made 18 months after simultaneous repair of bilateral ureterovaginal fistula by right 
ureteroneocystostomy and preparation of left ureter substitute of isolated segment of small intestine 


May 1960 











(at arrow). Note bilateral satisfactory renal and ureteral function and structure. c, Retrograde 


cystogram with no reflux into ureters. 


otomy has healed with resumption of nor- 
mal peristalsis of the ureter. Now, urine can 
be propelled into the bladder through the 
intact new orifice. 

This technique of urine diversion obviates 
the necessity of intubating the ureter with a 
catheter. It has demonstrated that 
large intubated catheters in the ureter inhib- 
it satisfactory peristalsis and urine flow. 
Small catheters do not inhibit peristalsis but 
neither do they divert urine adequately. 
Also, as catheters are foreign bodies they 
may introduce infection. Finally, ambula- 
tion and care are simpler for a patient with- 
out an external drainage tube. 

The details of the technique used for 
ureteroneocystostomy are as follows: The 
patient is placed supine on the operating 
table which is rotated laterally away from 
the side of the body with ureteral fistula. An 
incision is then made from the pubic tuber- 
cle curving cranially and laterally in line 
with the inguinal canal to a point 5 centime- 
ters above the external iliac crest. The in- 
cision is deepened through the oblique mus- 
cles of the abdomen in line with their fibers 


been 


to allow entrance into the retroperitoneal 
space. At this stage, the peritoneum is re-| 
tracted toward the midline. The ureter ) 
identified beneath the peritoneal fold abov 
the brim of the pelvis, in an area that wa 
not traumatized by previous surgery. ‘Thies 
maneuvers are aided by the lateral tilt o: 
the patient. The ureter is held by a rubbe 
tissue drain and mobilized toward il 
fistula. Usually, the disrupted ureter break: 
free of adhesions a short distance below th 
bifurcation of the iliac vessels. After necrotic 
debris is excised from its terminal end, it ) 
approximated to the bladder. The site of the 
anastomosis can be delineated and held in 
place with stay sutures put through th 
bladder wall. A No. 5 French catheter i 
then passed into the ureter as a temporar\ 
aid to facilitate manipulation. 

Before anastomosis is begun, a_ linea! 
ureterotomy for diversion of urine is mad 
by incising the ureter for 2 to 3 tentimetcr 
in a longitudinal direction as far above tl 
anastomotic site as possible, usually abou 
8 centimeters. The bladder is then incise¢ 
between its stay sutures, also in a longitu 
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Fic. 8. a, Patient M. P. Dilatation of left ureter and poor function of left kidney with left ure- 
terovaginal fistula. b, Excretory urogram 6 weeks after ureteroneocystostomy. Note regression of 


dilatation and improvement of renal function. 


dinal direction for 2 centimeters, and a 
direct mucosa-to-mucosa anastomosis is 
made by interrupted No. 000 chromic cat- 
gut sutures on an atraumatic needle. A few 
additional interrupted sutures are then 
placed between the adventitia of the ureter 
and the outer layer of the bladder to secure 
the anastomosis. The ureteral catheter is 
withdrawn before the anastomosis is com- 
pleted. Finally, a rubber tissue drain is 
placed alongside the diverting ureterotomy 
and brought through the muscles and fascia 
of the abdomen into the center of the skin 
incision. The bladder is drained by a large 
indwelling urethral catheter. A No. 26 or 
No. 28 Malecot catheter can be used in the 
female patients and a No. 22 or a No. 24 
Foley catheter in the males. The wound is 
then closed in layers (Fig. 2). The patients 


are allowed to be ambulatory the day after 
operation. The bladder catheter and the ret- 
roperitoneal rubber tissue drain are left in 
place at least until the tenth postoperative 
day. By that time an adequate sinus has 
formed to avoid pooling of urine, if urinary 
drainage has persisted for an additional 
period. 
RESULTS 

In 10 patients with fistula of ureter, treat- 
ment was as follows: in 1 patient, ureteral 
dilatation by means of a catheter beyond the 
fistula, with a satisfactory result; in 2 pa- 
tients, no treatment except observation, re- 
sulting in renal atrophy; in 1 patient, tying 
the ureter resulted in death; in 4 patients, 
ureteroneocystostomy, with satisfactory re- 
sults; in 1 patient, ureteroneocystostomy with 
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formation of a bladder flap, with a satisfac- 
tory result; and in 1 patient, simultaneous 
repair of bilateral fistulas, formation of iliac 
substitute ureter and ureteroneocystostomy, 
with a satisfactory result. 
SUMMARY 

Ten patients with fistulas of the ureter 
have been studied with the following con- 
clusions: 

Once the origin of a urinary fistula has 
been established as coming from a ureter, 


expectant therapy is recommended only if 


the ureter is not obstructed, that is, only if a 
catheter can bypass the fistula and be 
directed into the renal pelvis and if there is 
no deterioration of renal function. For the 
obstructed ureter, prompt repair by opera- 
tion is necessary for salvage of the involved 
kidney. ‘The operation used, ureteroneo- 
cystostomy, has been performed in 6 pa- 
tients with good results and with innova- 
tions, namely elimination of splints and 





diversion ureterotomy. In 1 patient, diver- 
sion ureterotomy was not used as the ureter 
demonstrated good peristalsis; a satisfactory 
result was obtained. In another patient. a 
bladder tube flap was needed; in yet ai- 
other, bilateral fistulas were repaired simu !- 
taneously by using a substitute ureter cor i- 
posed of an isolated segment of small bow «| 
on one side. 
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LUNG BIOPSY 
TI 


fFUSE PULMONARY DISEASE presents a chal- 
iging diagnostic problem. Lesions dif- 
fusely scattered throughout the lung may be 
inifested by debilitating respiratory symp- 
toms—dyspnea, cough, and sputum produc- 
tion—by constitutional findings—fever, 
weakness, malaise, and weight loss—or may 
« asymptomatic and discovered only on 
routine roentgenography. Such lesions may 
result from the dissemination of fine par- 
ticulate material into the lungs by inhala- 
tion or through the vascular or lymphatic 
circulations. Diffuse lesions of the lung may 
also represent pulmonary involvement by a 
systemic disease or may be a congenital 
abnormality. 

‘The clinical history, including geographic 
and industrial exposure, and complete phys- 
ical examination to detect the general 
presence of infection, neoplasm, and _ sys- 
temic or cardiovascular disease are essential 
in establishing a tentative diagnosis. Ade- 
quate laboratory study with sputum culture 
and cytologic evaluation, skin tests, and 
complement fixation studies may add sup- 
port to a tentative clinical diagnosis. In 
most instances, however, tissue confirma- 
tion by histologic examination or culture is 
the only definitive step to a final diagnosis. 

Scalene node biopsy is a relatively simple 
technique and may be utilized on occasion 
to obtain tissue for diagnosis in such pa- 


YL 


tients. However, in the study of the value of 


nonpalpable scalene node biopsies, Shields 
and associates found that in patients with 
disseminated lung disease—exclusive of sar- 
coidosis—a positive diagnosis was estab- 
lished in only 20 per cent by the scalene 
node biopsy. In patients with sarcoid, a 
positive biopsy was obtained in 80 per cent, 

From the Surgical and Medical Departments of the North- 
western University Medical School, Veterans Administration 


Research Hospital, and the Chicago Municipal Tuberculosis 
Sanitarium, Chicago. 
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IOMAS _W. SHIELDS, M.D., and STANFORD K. SWEANY, M.D., Chicago, Illinois 


though, when only diffuse pulmonary dis- 
ease was noted without roentgenographic 
evidence of hilar node enlargement, 
biopsy was frequently negative. A more di- 
rect method of obtaining tissue for diagnosis 
in such patients would then seem indicated. 

Direct lung biopsy is a simple and a 
relatively benign procedure. ‘The value of 
lung biopsy in establishing the diagnosis in 
diffuse pulmonary disease has been ade- 
quately demonstrated by the experience of 
Andrews and Klassen, ‘heodose and asso- 
ciates, and Effler and Van Ordstrand. None- 
theless, it is not unusual to have a patient 
referred for biopsy only after many non- 
fruitful diagnostic procedures have been 


the 


carried out. Consequently, a marked lapse 
of time occurs before the discovery of the 
diffuse pulmonary disease by roentgenog- 
raphy and the establishment of a definitive 
diagnosis. ‘The technique utilized by us and 
the 
effort further to establish the value of the 


results obtained are described in an 
procedure of lung biopsy and to advocate 
its early employment in such patients. ‘The 
procedure may be readily used even in pa- 
tients who are respiratory cripples and who 
would be unable to tolerate a major thora- 
cotomy as a definitive procedure. 
TECHNIQUE 

The technique favored by us is essentially 
that described by Klassen and associates in 
1949, except that local anesthesia with posi- 
tive pressure breathing is preferred to gen- 
eral anesthesia with or without the use of an 
endotracheal tube. 

The area of maximal parenchymal in- 
volvement determined by 
graphic study and the site of incision is 
located in the interspace corresponding to 


is roentgeno- 


the selected area. If the disease is equally 
disseminated, the right fourth or fifth an- 
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4th interspace 





! 
Pectoralis major m 
d 


c/o) 


Fic. 1. ‘Technique of lung biopsy. a, Site of elective 
interspace incision in a patient with bilateral diffuse 
disease. Patient in supine position. b, After incision is 
completed through parietal pleura, the site of lung biopsy 
is grasped with a Duval clamp and Carmalt clamps are 
placed for excision of the wedge. Continuous sutures are 
placed under the clamp before excision of the wedge. c, 
Cut surface of the lung is oversewn with continuous su- 
tures to control any bleeding or air leaks. d, Intercostal 
incision is closed without pleural drainage. No attempt 
to close the intercostal muscle is made. Pectoral muscle 
reapproximated only. Then the subcutaneous and skin 
are closed in routine manner. 


terior interspace is selected as a routine 
procedure (Fig. la). 

Adequate preoperative sedation is essen- 
tial when local anesthesia with positive 
pressure breathing is to be utilized. A strug- 
gling, coughing patient is difficult, if not 
impossible, to work with. Intravenous ad- 
ministration of fluids should be started and 
the patient instructed in the use of the anes- 
thetic mask to avoid fear when it is placed 
over his face during the procedure. 
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The patient is placed in the supine posi- 


tion and after preparation and draping of 


the anterior part of the chest wall, the sc- 
lected intercostal site is infiltrated with 1 
per cent xylocaine. An 8 to 10 centimeter 
incision is then made and carried down 
through the tissues of the chest wall to t)« 
pleura. With opening of the pleural spac » 
oxygen is given under positive pressure | y 
a tight-fitting face mask. The lung is pal- 
pated and the selected site of biopsy 1s 
grasped with a Duval lung clamp (Fig. 11 

Wedge clamps are placed and runnin 

basting sutures of No. 3-0 black silk are i)- 
serted beneath the clamps. ‘The specimen is 
excised, and the clamps removed. ‘The cit 
surface is then oversewn with continuoi\s 
sutures of the same material (Fig. 1c). Tle 


area is checked for bleeding or air leaks. |f 


none are found, the lung is dropped back 
into the pleural space and the incision clos: 
by reapproximation of the pectoralis mu 
cle, subcutaneous tissue, and skin (Fig. 1d). 
No attempt is made to approximate tlic 
divided intercostal muscle in the closure. 

Drainage of the pleural space is not car- 
ried out if the technique of local anesthesi. 
and positive pressure breathing has been 
utilized. On the other hand, when general 
anesthesia has been used because of the pa- 
tient’s apprehension or by design, water seal 
catheter drainage for 24 to 48 hours has 
been necessary to evacuate the pleural space 
completely. 


MORBIDITY AND MORTALITY 


The complications have been minimal in 
our experience. Pneumothorax did _ not 
occur when the procedure was performed 
under local anesthesia, though there were 
several instances when general anesthesia 
was used. One late case of pneumothorax in 
a patient with emphysema occurred which 
promptly responded to intubation. No other 
major complications have been seen, thoug) 
subcutaneous emphysema, intercostal hema- 
toma, hemothorax, atelectasis, pleuritis, in- 
tercostal neuralgia, and local lung reactions 
have been noted in the reported series. 
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Fic. 2. Case 15, R. B. a, Scattered soft infiltrates, confluent in the upper field of right lung. b 


Histologic section showing nests of tumor cells. X70. 


No death has occurred in the present 
series, though deaths have been reported by 
Andrews and Klassen and others; however, 
in the latter series the procedure per se 
could only slightly, if at all, be implicated as 
a precipitating factor. 

RESULTS 

Thirty-six lung biopsies have been carried 
out at the Veterans Administration Re- 
search Hospital, the Chicago Municipal 
Tuberculosis Sanitarium, and in our private 
practice. Not all have been performed by 
the technique described, though it is now 
our preferred method of approach. The re- 
sults of these 36 biopsies in 35 patients were 
as follows: A definitive diagnosis was made 
in 31 of the 35 patients, 89 per cent. The 
results were nondiagnostic in 3 patients, 9 
per cent, and 1 diagnosis was proved wrong 
by subsequent study (Case 7). Follow-up 


study eventually established a diagnosis of 


sarcoidosis in this patient. In the 31 patients 
in whom the biopsy was definitive, the pre- 
operative diagnosis was confirmed in 17, 55 
per cent, and determined to be erroneous by 
the final tissue diagnosis in 14 patients, 45 
per cent. The prominent pulmonary symp- 


toms, preoperative diagnosis, and histologic 
diagnosis are listed in ‘Table I. 

Brief summaries of 5 patients are pre- 
sented as examples of the value of this 
procedure. 


Case 15. R. B., a 38 year old warehouse worker 
from rural Illinois, was referred for evaluation of 
diffuse nodular lesions seen on a roentgenogram of 
the chest taken at another hospital. He had com- 
plained of a progressive weight loss of 45 pounds and 
fatigue for 18 months. Two months prior to admis- 
sion, pain developed in the right lower quadrant 
which was persistent and increased in severity. 

Examination revealed a pale, emaciated, white 
male. His temperature was 100.2 degrees. Scattered 
ronchi were heard in the chest. There was tenderness 
in the right lower quadrant but no masses. Significant 
laboratory findings were a sedimentation rate of 52 
millimeters per hour and a blood urea nitrogen of 104 
milligrams per cent. Roentgenogram of the chest 
revealed (Fig. 2a) numerous nodular, fluffy, opacities 
in both lung fields from 1 to 4 centimeters in size. In- 
travenous pyelogram showed poor visualization but 
otherwise normal configurations. Sputum cultures 
grew normal flora. No fungi or acid fast bacilli were 
seen. Results of the second strength purified protein 
derivative (P.P.D.) test were negative, and the histo- 
plasmin was 2+. A tentative diagnosis of systemic his- 
toplasmosis or metastatic carcinoma was entertained. 
Lung biopsy revealed numerous small nodules, and 
histologic sections showed these nodules to be com- 
posed of tumor cells suggesting metastatic renal car- 
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Vo. 


Case 


B.W. 


68 


18 


H.D. 


ge, yrs. 


Symptoms 


Cough, dysphagia 


Cough, exertional dyspnea 


Fatigue, exertional dyspnea 


Exertional dyspnea, produc- 


tive cough 


Cough 


Cough 


Exertional dyspnea 


None 


Chest pain 


Exertional dyspnea 


Exertional dyspnea 


Productive cough, dyspnea 


Nonobtainable 


Cough 


Cough, dyspnea 


Weight loss, fatigue 


Fatigue, weight loss 
g 


Dyspnea, weight loss 


Weakness, weight loss fever, 
hemoptysis 
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TABLE I.—SUMMARY 


Clinical diagnosis 


Lipoid pneumonia 


Chronic pneumonitis 


Sarcoidosis 


Bronchiolar cell carcinoma 


Alveolar cell carcinoma 


Histoplasmosis 


Metastatic carcinoma 


Chronic granulomatous in- 


fection 


Alveolar cell carcinoma 


Alveolar capillary block 


Alveolar capillary block 


Pulmonary fibrosis 


Histoplasmosis 


Sarcoidosis 


Pulmonary fibrosis 


Metastatic carcinoma 


Sarcoidosis 


Pulmonary fibrosis 


Miliary tuberculosis 


OF CASES 


Pathologic interpretations 


Lipoid pneumonia 


Congenital cystic disease 


Sarcoid 


Bronchiolar carcinoma 


Metastatic pancreatic carcinoma 


Chronic pulmonary fibrosis with calci- 
fication with 
mosis 


consistent histoplas- 


Undifferentiated ca. of lung 


Granulomatous infection of undeter- 


mined nature 


Undifferentiated ca. of lung 


Chronic interstitial fibrosis 


Minimal arteriosclerosis 


Chronic interstitial fibrosis 


Pulmonary alveolar proteinosis 


Small vascular thrombosis 


Congenital cystic disease 


Metastatic ca. from kidney 


Eosinophilic granuloma 


Chronic interstitial fibrosis 


Miliary tuberculosis 


Clinical diagn 
confirmed 


Yes 


Yes 


Yes 


Wrong 
diagnos 


Yes 


Yes 


Yes 
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TABLE I.—SUMMARY OF CASES—Continued 


rs 
Symptoms Clinical diagnosis 
Exertional dyspnea Silicosis 
Productive cough Congenital cystic disease 
) 


Hemoptysis Sarcoidosis 





2 Cough, dyspnea, weight Sarcoidosis 
3 loss 
Ni 
2 Cough, dyspnea, weight Sarcoidosis 
3 loss 
> 
Nw. D 
24 None Pneumoconiosis 
3 
oe 
2 Cough and dyspnea Sarcoidosis 
31 
LLL. 
26 None Sarcoidosis 
42 
E.M. 
27 Chronic cough Tuberculosis (suspect) 
35 
M.D. 
28 Cough, weight loss Puberculosis (suspect) 
34 
M.K, 
29 Cough, dyspnea Pneumoconiosis 
35 
P:K. 
30) Cough, fever, chest pain Tuberculosis (suspect) 
17 
S.P 
31 Cough Pneumoconiosis 
= 
CB. 
32 Cough, weight loss Tuberculosis (suspect) 
57 
A.M. 
33 Asymptomatic Metastatic carcinoma 
, 
A.M. 
348 Hemoptysis, dyspnea Pulmonary fibrosis 
26 
J.B. 
35 Dyspnea, arthritis, skin le- Eosinophilic granuloma 
56 sions 
O.M. 
1-21 Veterans Administration Research Hospital 
22-33 Chicago Municipal Tuberculosis Sanitarium 
34-35 Private Hospital. 


Pathologic interpretations confirmed 


Silicosis Yes 


Bronchitis and bronchiectasis No 


Pulmonary congestion 


Sarcoid Yes 
Sarcoid Yes 
Sarcoid No 
Sarcoid Yes 
Pneumoconiosis No 
Sarcoid No 
Chronic nonspecific pneumonitis No 
Microlithiasis No 
Sarcoid No 
Pneumoconiosis (silicosis Yes 
Pneumoconiosis (silicosis) No 
Metastatic carcinoma of thyroid Yes 
Hamman-Rich Yes 
Eosinophilic granuloma Yes 
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Fic. 3. Case 18, H. D. a, Fine miliary infiltration. b, Histologic section of lung showing caseous 


miliary tubercles. X70. 


cinoma (Fig. 2b). Subsequent cytologic study of the 
urine revealed malignant cells. The patient died 5 
weeks after admission. Autopsy revealed carcinoma 
of the right kidney with extensive metastases to both 
lungs and the liver. 

Case 18. H. D., a 31 year old colored laborer, en- 
tered the hospital with complaints of weakness, fever, 
weight loss, vomiting, and hemoptysis for 3 to 4 
months prior to admission. A roentgenogram of the 
chest 4 months prior to admission showed “pleural 
thickening” at the base of the left lung. Examination 
revealed the patient to have a bizarre mental affect, 
but he was in no distress. ‘The temperature was 102.6 
degrees. There were a few palpable lymph nodes. The 
remainder of the examination was negative. Blood 
studies revealed the hemoglobin to be 14.5 grams per 
cent, the white blood count 7,000, and a sedimenta- 
tion rate 19 millimeters per hour. Sputum and throat 
cultures were normal, as were those of the spinal fluid 
and stools. Results of skin tests, including second 
strength P.P.D., were negative. Roentgenogram of 
the chest revealed fine granularity, especially through- 
out the left lung field (Fig. 3a). 

The patient’s temperature ranged between 102 and 
104 degrees. Despite the negative skin tests and ab- 
sence of acid-fast organisms, a clinical diagnosis of 
miliary tuberculosis was considered. In an attempt to 
confirm this, lung biopsy was performed, and numer- 
ous small granulomas were seen to be caseous micro- 
scopically (Fig. 3b). Acid-fast organisms were demon- 
strated histologically, and culture of the tissue was 
positive for acid-fast bacilli. Specific chemotherapy 
was then started. Subsequent liver biopsy revealed 
multiple granulomas. Urine cultures were positive for 
acid-fast organisms. Roentgenogram of the chest a 


month after admission showed an increase in the pul- 
monary infiltration with very fine nodulation, charac- 
teristic of miliary tuberculosis. ‘There was a steady i1- 
provement in the patient’s condition with weig)it 
gain, improved appetite, and return of temperature 
to normal in 6 weeks. Gastric washings have been 
persistently negative for acid-fast bacilli. The liver 
granulomas have shown healing on repeat biopsy, and 
liver function has returned to normal. After 4 months, 
the disseminated nodules, shown by roentgenologic 
examination, have cleared. There are some small per- 
sistent densities in the upper part of the left lung. The 
result of test with intermediate strength P.P.D. is 
now positive. 

Case 9. E. W., a 38 year old white laborer, was re- 
ferredtto the hospital because of progressive exertional 
dyspnea of 3 years’ duration. The only significant his- 
torical and physical finding was clubbing of the fin- 
gers, which was first noticed by the patient approxi- 
mately 8 years previously. The roentgenogram of the 
chest (Fig. 4a) was negative. The result of test with 
second strength P.P.D. was positive; other laboratory 
findings were noncontributory. A marked reduction 
of pulmonary diffusing capacity was found to be 
present by the carbon monoxide steady state method 
(6.6 c.c./min./mm. Hg). 

Because of the marked reduction in the diffusing 
capacity along with a normal chest roentgenographic- 
ally, lung biopsy was considered as an additional 
means of investigation of this patient’s problem. This 
biopsy revealed chronic organizing inflammation 
with cellular and foreign body giant cell reaction 
(Fig. 4b). Though the etiology per se was not dis- 
closed, the anatomic explanation of the diffusion 
defect was obtained. The patient was given 1) 
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Fic. 4. Case 9, FE. W. a, Roentgenogram of chest negative. b, Histologic section of lunge showing 


interstitial fibrosis and cellular proliferation. «140. 


Fic. 5. Case 12, R. W. a, Soft diffuse densities with a tendency to be confluent. b, Histologic 
section of lung showing homogenous eosinophilic material filling some of the alveoli and distended 
macrophages filling others. Minimal cellular reaction. 70. 


milligrams of prednisone daily, and no deteriora- 
tion of his condition has occurred during the past 
214 years. 

Case 12. R. W., a 33 year old white laborer, was 
transferred from another hospital for evaluation of a 
chronic pulmonary infiltration by lung biopsy. He 
had been under treatment for 4 months for a paranoid 
schizophrenic reaction. Physical examination was 


negative except for some scattered wheezes through- 
out the chest. Results of laboratory studies were 
within normal limits. Routine roentgenogram of the 
chest revealed numerous small, scattered densities 
throughout all lung fields (Fig. 5a). The result of the 
histoplasmin skin test was 2+, 
tive. All cultures for fungi and acid-fast bacilli were 


all others were nega- 


negative. 
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Fic. 6. Case 16, C. S. a, Moderately soft, symmetrically distributed, nodular infiltrates. b, Histo- 
logic section of lung showing high power cellular detail with numerous eosinophils—dark staining 


with granular cytoplasm. 380. 


Biopsy of the right lung revealed a homogenous, 
eosinophilic staining material filling the alveoli (Fig. 
5b). There was negligible cellular reaction and no 
disturbance of the pulmonary architecture. The ap- 
pearance was not unlike thyroid tissue. This was sub- 
sequently recognized as being consistent with pul- 
monary proteinosis. The patient’s mental condition, 
pulmonary symptoms, and roentgenograms of the 
chest have remained essentially unchanged in the 
year subsequent to biopsy. 

Case 16. C. S., a 21 year old white gardener from 
central Illinois, was referred to the hospital because 
of findings on a pre-employment roentgenogram of 
the chest 1 month previously that were interpreted as 
pulmonary sarcoidosis. He had had anorexia, weight 
loss, fatigue, and exertional dyspnea for 3 months 
prior to admission. Ten days before admission he ex- 
perienced severe shortness of breath after mowing the 
lawn. This was accompanied by sneezing lacrimation 
and paroxysmal, productive cough. He had expe- 
rienced a similar episode of respiratory disturbance a 
year previously after he had started to work in a tree 
nursery. There were no gross abnormalities on physi- 
cal examination. The essential laboratory findings 
were a white blood count of 12,300, sedimentation 
rate of 26 millimeters, and an albumin-globin ratio of 
3.8 to 3.0. Sputum and gastric cultures were negative 
for acid-fast bacilli and fungi. Roentgenogram of the 
chest revealed hilar accentuation and numerous 
moderately soft, nodular densities symmetrically dis- 
tributed (Fig. 6a). There was calcification at the right 
hilus. The histoplasmin skin test was 2+. Result of 
test with second strength P.P.D. was negative. Com- 
plement fixation for histoplasmosis was negative. Axil- 


lary lymph node biopsy was negative. Lung biop., 
was then performed as a definitive diagnostic pro- 
cedure. In the specimen obtained there were mai 
small nodules, the largest about 6 millimeters in 
diameter. Microscopic section revealed nearly com- 
plete consolidation with numerous eosinophils and 
various inflammatory cells (Fig. 6b). Neither Histo- 
plasma capsulatum nor acid-fast organisms we 
identified. Diagnosis was eosinophilic granuloma. 


Though no specific therapy was available 
in either of the last 2 cases, a definitive. 
though unsuspected, diagnosis was estab- 
lished in each by the lung biopsy. 


DISCUSSION 


Because of the nature of their pathogenic 
development, diffuse lesions of the lung offer 
diagnostic difficulties. ‘The interstitial areas 
and not the alveolar spaces are involved in 
the majority of disseminated diseases, with a 
resultant proliferative tissue reaction. <\s 
noted by Rich, the offending foreign mate- 
rial, whether bacterial or tumor, is dis- 


tributed symmetrically through the vascular 
and lymphatic systems of the lung into the 
interstitial areas without extension into the 
external communicating alveolar spaces. 
Unless material is excreted and discharged 
through the bronchial tree, the chance of 
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identifying the pathologic entity within the 
lung is slight by conventional means. 

(he very nature of disseminated disease 
ex: ludes the possibility of extensive exuda- 
tion throughout all areas of the lung, since 
there would not be enough functioning lung 
tissue to support life. By contrast, localized 
exudative, pneumonic, or cavitary lung dis- 
ease offers secretions containing micro-or- 
ganisms or specific abnormal exfoliated 
cells. The exception in disseminated malig- 
nant conditions is bronchiolar carcinoma. 
This tumor proliferates within the alveolar 
spaces and spreads by direct extension from 
one air space to another. ‘Tumor cells are 
readily identified in the sputum. Moreover, 
as shown by Gardner, inhaled substances, 
unless directly irritative, produce prolifera- 
tive tissue response. Even when exudation 
is an accompaniment, the specific irritant or 
antigen cannot be identified by the cellular 


exudate produced. Thus, direct biopsy of 


the involved tissue would appear to be the 
best method of obtaining a diagnosis. 

A definite diagnosis in a patient with dif- 
fuse pulmonary disease is important so that 
specific therapy may be utilized when avail- 
able. In certain instances, the industrial 
and medicolegal aspects of the disease— 
workmen’s compensation as a result of in- 
dustrial dust inhalation—are to be con- 
sidered. Not least in importance is_ the 
assignment of an appropriate prognosis to 
the patient’s disease. 

The criterion for a direct and relatively 
simple and safe diagnostic procedure is met 
by the pulmonary biopsy. Its use, not as the 
last diagnostic step but as one of the first 
procedures, appears warranted. ‘The mor- 
bidity and mortality are minimal and the 
procedure may be carried out even in the 
respiratory cripple with little risk. 

It is conceivable that this technique may 
be utilized in the study of the complete his- 
tory of diffuse pulmonary diseases and that 
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a better understanding of the pathologic 
changes may result. Then histologic, as well 
as roentgenologic and physiologic, data will 
be available for study. On occasion, we have 
utilized this approach in the study of certain 
patients with only physiologically demon- 
strable lung defects; i.e., diffusion defects 
with negative roentgenographic findings. 
This type may constitute a fruitful field for 
investigation. 
SUMMARY 

The value and indications for lung biopsy 
are presented. A simplified technique of 
direct lung biopsy under local anesthesia 
with positive pressure oxygen breathing and 
no postoperative chest drainage is described. 
The results of 36 biopsies in 35 patients are 
presented. A definitive diagnosis was made 
in 31 of the 35 patients, 89 per cent, from 
the tissue obtained for the lung biopsy. It 
was nondiagnostic in 3 patients and wrong 
in one. In the 31 patients in whom a defini- 
tive lung biopsy was obtained, the tentative 
clinical diagnosis was confirmed in 55 per 
cent of the patients, whereas, it was found 
to be unsupported in 45 per cent by final 
tissue diagnosis. 
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BASIC SURGICAL PRINCIPLES OF URETERAL REPAIR 


ROBERT G. WEAVER, M.D., F.A.C.S., Salt Lake City, Utah 


MUCH BASIC RESEARCH has been done on the 
ability of the ureter to repair large defects 
of its wall. These studies have been recorded 
in several widely scattered journals so that 
it is difficult for the surgeon to assemble 
the facts and put them to practical use. Both 
the laboratory and clinical investigations 
have been performed primarily by urologic 
surgeons in their search for more efficient 
handling of the injured or diseased ureter. 
From these studies have emerged some basic 
surgical principles for direct application to 
the surgery of the ureter. This work also in- 
cludes basic studies on the physiology of 
ureteral peristalsis in health and disease, 
and while there is much remaining to be 
learned of certain pathologic entities there 
is, on the other hand, considerable informa- 
tion available regarding the response of the 
ureter to injury and surgical repair. Since 
most of these reports are recent, the prin- 
ciples involved have been assembled herein 
to present in one article not only their 
proved clinical application but also the 
laboratory background for them. 

Surgical problems involving the ureter 
were mentioned over one-half century ago, 
when Albarran described his original 
attempts to drain the kidney by splinting the 
ureter. Thirty-five years ago MacArthur 
described temporary good results in a case 
of hydronephrosis by splinting the ureter 
for several days. Since the clinical results 
had been uniformly far from good, concen- 
trated work on the problem was begun in 
the past decade. 

Although the first concentrated investi- 
gation was performed by David M. Davis 
16 years ago, much of the subsequent work 
has been quite recent. In his original study 
he showed that not only would defects of 
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the ureter heal but also all the compone its 
of the ureteral wall would regenerate. Sit ce 
he performed nephrectomies on experi- 
mental animals, several other investigators 
thought it advisable to repeat these pio- 
cedures with the kidney intact. The sate 
findings were present in both experime: ts 
(Fig. 1). 

It is well to have in mind several of t ie 
general characteristics of the ureter. Fir-t, 
it is capable of great regenerative powers if 
the defects are such as to leave a longitudinal 
strip, even if very small strands remain (Fiz. 
2). Second, it withstands complete cross sev- 


tioning very poorly. Third, a severely i1- 


jured ureter is capable of regeneration 


without stricture formation if handled 
properly, but it withstands overstretching 
very poorly, and postoperative stricture 
formation very frequently occurs. Fourt)), 
a thickened and infected ureter 
necessarily permanently incapable of func- 
tioning, so that sacrifice of the kidney which 
it serves is not necessary. Fifth, it can be 
stripped of much of its blood supply in 
order to expose it, but strangulation of its 
ostium by an excessive number of sutures. 
as during an anastomosis, is tolerated most 
unfavorably. Finally, the ureter will re- 


is not 


generate a longitudinal defect no matter | 


how long, provided that a strip of tissue 
containing all components of the wall re- 
mains. 


IMMOBILIZATION OF THE HEALING URETER 


The question has arisen as to whether or 
not a splint should be used in the ureter. 
Hamm and Weinberg have reported ure- 
teral regeneration identical to that seen 
when the defects were not splinted. This 
observation appeared illogical on the sur- 
face, but regeneration occurs repeated!y 
when defects up to one-half the circum- 
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Fie. 1. 


hic. 1. A photomicrograph of the canine ureter after 
the splinting for 6 weeks of a defect 3 centimeters long 
involving two-thirds of the ureteral wall. Note the well 
formed muscularis layer. 

Tic. 2. An intravenous urogram taken 4 months after 
intubated ureterotomy. A defect involving one-half the 
circumference of the ureteral wall for a distance of 2.5 


centimeters was splinted for 5 weeks. 


ference of the wall have been made for 3.0 
centimeters. ‘wo factors are necessary for 
regeneration to take place under these cir- 
cumstances, namely, the area must be 
drained with a soft rubber drain until all 
urine leakage has stopped, and the ureter 
must be left within its sheath. This last 
observation stimulated an anatomic in- 
vestigation (7) of the surrounding ureteral 
structures, and it was found that there is 
a sheath composed of transversalis fascia 
which is a direct downward extension of 
Gerota’s fascia (Fig. 3). Furthermore, Hin- 
man and Oppenheimer have found that 
secondary tubular formation occurs if re- 
dundant or unattached ureteral tissue is 
present and thus a useless blind tube is 
produced. 

The clinical problem, therefore, does not 
resolve itself into an argument as to whether 
or not to splint the ureter but rather as to 
whether one or the other method could be 
used most effectively. For practical pur- 
poses, the ureter must be removed from its 
sheath in cases of severe injury or if opera- 
tion must be performed upon it. The ure- 





Fic. 2. 


teral sheath not only provides splinting but 
and 
allows peristalsis. Therefore, when the ure- 


also prevents periureteral adhesion 


ter remains within the sheath, the intra- 
luminal splint is unnecessary. 

The ureteral splint takes a prominent 
place in the subject of surgery of the ureter 
as it has been found that a healing ureter 
requires a considerable degree of immobili- 
zation. In the laboratory, no_ persistent 
fibrosis or infection observed 
when the splint has been small enough to 
prevent overstretching of the ureteral wall 
and if it has been removed within a reason- 
able length of time, i.e., 4 to 7 
operatively. 

Clinically, the splint is for those cases in 
which the operative or opened portion of 
the ureter is removed from its sheath. When 
the sheath is left intact, as in a uretero- 
lithotomy, no splint is necessary. Also, in 
those cases in which a plastic procedure is 
performed on the ureter or renal pelvis, the 
use of the splint is unnecessary as it is not 
an adjunct or a substitute for a well placed 
suture line. This area must be drained, not 


has been 


weeks post- 
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Fic. 3. A photomicrograph of a cross section of a 
canine ureter showing the enclosure of the ureter by 
transversalis fascia together with its artery and vein. 

Fic. 4. A section of ureteral wall in which the splint 
was left in situ for 3 months. Marked infiltration of all 
layers with lymphocytes. 


because the anastomosis must be watertight 
but because urine must be drained promptly. 
It is not the presence, but the puddling, of 
urine around the anastomotic site that pro- 
duces fibrosis. 


SPLINT LEFT IN PLACE A SUFFICIENT LENGTH 
OF TIME 


It was learned from the experimental 
animal that complete regeneration is seen 
in 6 weeks when all the component parts 
of the ureteral wall including smooth muscle 
are reformed. Objections were raised clini- 
cally to splints on the basis that infection 
or fibrosis would intervene and cause damage 
to the healing ureter. This problem was 
then taken to the laboratory where large, 
constant defects were made in the ureter. 
The splints were then removed at intervals 
varying from 10 days to 4 months. Removal 
of the splint prior to 14 days resulted in a 
marked periureteral fibrosis with angulation 
due to insufficient immobilization. This 
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Fic. 4. 


finding is consistent with microscopic o}- 
servations of the regenerated segments. .\t 
12 weeks, a gross thickening of the entire 


wall was present with marked infiltration of 


lymphocytes to all the layers (Fig. 4). The 
most striking finding was the infiltration 
between the muscle bundles. The ominous 
presence of fibroblasts began at this point, 
but the process was still reversible. 

By following the laboratory results it is 
seen that a splint should be left in situ for 
more than 2 weeks but there is no point in 
leaving it more than 6 weeks. Four or 5 
weeks will give good clinical results. 

TYPES OF SPLINTS AND SPLINTING MATERIALS 

Nearly any kind of material, either plastic 
or rubber can be used; however, Davis 
reported finding severe fibrosis with total 
occlusion of both ureters when polyviny! 
plastic tubes had been used in a patient 
who was allergic to this material. When a 
nephrostomy is performed in the upper part 
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of : ureter, a soft rubber T or Cattell tube 
has been used satisfactorily by the author 
during the past 12 years. Others pass a 
No 8 to 10 or 12 plastic catheter through 
the bladder and urethra which is in turn 
an hored to an indwelling urethral catheter. 

\Vhile the material of the splint has im- 
portance, great emphasis must be placed 
upon the size of the catheter. It has been 
observed that the ureter reacts violently to 
overstretching of its wall. This produces a 
marked atonicity with very reduced _peri- 
stalsis if the process is acute. In a series of 
dovs, a soft rubber ‘TT tube was _ placed 
through the regenerating area of the ureter 
for 4 weeks and then removed. A 90 per 
cent pyonephrosis resulted with loss of the 
kidneys from severe fibrosis and an impass- 
able stricture at the area of the tip of the 
splinting catheter (Fig. 5). When replace- 
ment was made by a small but hard plastic 
tube which did not overstretch the ureteral 
wall, adequate regeneration with a func- 
tioning kidney resulted. Furthermore, in 


these cases, the diameter of the lumen of 


the regenerated area was estimated to be 
20 per cent larger than the undisturbed 
portion. ‘his portion, however, reduced to 
the same dimensions as the remainder of the 
ureter in several months. ‘The use of over- 
sized splints has been found to produce the 
same conditions in the clinical patient. A 
catheter of small diameter should be used, 
as oversized splints produce fibrosis and 
stricture formation. It is a normal reaction 
for the surgeon to wish to use the largest 
splint possible in order to end with ade- 
quate correction of an injured or stenosed 
area. However, it is better to use a small, 
firm splint than a large, soft one. A No. 8 
or 10 French is usually sufficiently large. 
SITES AND TYPES OF DEFECTS 

It has been found that angulation of the 
healing ureter is best prevented when the 
adjacent organs, particularly the kidney or 
the bladder, can be used to aid in the heal- 


ing by immobilization. The management of 
itself 


ureteral defects, therefore, resolves 
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Fic. 5. An impassable stricture with massive fibrous 


tissue. A photomicrograph of a dog’s ureter into which a 
splint had been introduced stretching the wall. 


into two factors (1) whether the kidney or 
the bladder can be utilized for splinting 
and drainage if a splint is required and (2) 
whether the ureter is dilated or of normal 
diameter. ‘The ‘T tube is preferred by some 
if its use is practical as it remains well in 
situ and gives drainage either to the bladder 
or externally. 

Operation on the upper half of the ureter 
will probably give access to the kidney so 
that this structure may be used for either 
nephrostomy or pyelostomy drainage. ‘The 
other arm of the ‘T tube extends for several 
centimeters below the operative site and 
into the normal ureteral lumen (Fig. 6). 

Defects in the middle one-third of the 
ureter are usually such that neither the 
kidney nor the bladder can be used. It is 
here that the size of the ureter is important. 
If it is of sufficient size to allow for a small 
stricture and still retain an adequate lumen, 
then a small T tube with one arm extending 
through the abdominal wall is the most 
expedient and will require the least amount 
of postoperative care. If, however, the ure- 
ter is of normal diameter, a small straight 
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splint from the renal pelvis above to the 
bladder below is necessary. A No. 4-0 plain 
catgut suture through the splint and the 
ureter below the defect will keep it in place 
against the peristalsis for a sufficiently long 
time for regeneration to take place, or until 
another splint can be replaced from below. 


MANAGEMENT OF PERIURETERAL FIBROSIS 


‘The function of the ureter is completely 
dependent upon its peristalsis to transport 
urine from the kidney pelvis to the bladder. 
Periureteral trap the ureter 
and thus seriously impair its ability to con- 
tract. Observations on the peristalsis and 
ultimate renal function have been made on 
the ureter of the dog when the regenerated 
area was encased in perinephric fat. Further 
work has been done in checking the re- 
sponse of the ureter and perifibrosis to fat 
and that the ureter 
was allowed free movement when encased 
though the fat 
eventually disappeared, fibrosis and angu- 
lation of the ureter did not take place. This 
problem is not present when the ureter 
remains within its sheath or when severe 
periureteritis is not present. 

The thick-walled, enlarged ureter which 
may be encountered in surgery returns to 


fibrosis may 


fascia. It was found 


in adipose tissue. Even 


normal appearance and function if the ob- 
structing source, and thus the cause of the 
periureteritis, is removed. In such condi- 
tions as these it is well to encase the area of 
ureteral adherence and constriction in a 
fatty sheath with loose sutures of No. 5-0 
chromic catgut to hold it in place. In cases 
in which a defect of the wall is present which 
requires the regeneration of a segment with- 
out periureteritis the fat encasement may be 
helpful, particularly so in those cases in which 
there is periureteritis with adhesions. 
COMPLETE DEFECTS OF THE URETERAL WALL 

Up to this point, only those cases in which 
there has been a partial defect of the ureter, 
or in which a strip or strand of tissue remains 
along the length of the defect, have been 
considered. 
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When there is a complete interruption of 


the continuity of the ureteral wall other prob- 
lems are present, as the ureter withstands 
complete transection of the wall very poor'y. 
The problem reverts again to peristalsis. ‘I ie 
function of the severed ureter has ben 
studied in detail immediately after rean.is- 
tomosis. Cessation of conduction occurr:d 
for as long as 4 months with subsequent : e- 
duction in the speed and amplitude of 1 i¢ 
peristaltic waves and with dilatation of t \e¢ 
ureter and renal pelvis above the anaston o- 
sis. Later, however, the movements wire 
restored to normal; on the other hand. a 
greater amount of anastomotic fibrosis pi o- 
duced a longer interval between peristal ic 
waves at the anastomotic site. It is therefore 
advisable to refrain from transecting t \e 
ureter if at all possible. 

It is fairly evident that muscle fibers ent or 
a ureteral defect from pre-existing smoo |i 
muscle which lies adjacent to the area, aid 
not from freely circulating elements in tle 
blood stream or metaplasia of fibrous tisst 
Hence, when a strip of ureteral wall remaiis 
in the gap the regenerating elements must 
travel only the distance of the ureteral cir- 
cumference regardless of the length of the 
defect. On the other hand, a complete de- 
fect usually requires a greater distance ot 
travel if the muscle fibers are to bridge this 
gap. At this point there are minor differences 
of opinion among investigators as to whether, 
in a complete disruption of the wall, there is 
regeneration of smooth muscle or only a 
mucosal lining to a wall of scar tissue which 
promptly strictures down. There is also the 
question as to whether isolated loops of 
ileum which bridge the gap are a suitable 
substitute for the ureter. 

Others have found that the ureter will fill 
a gap of up to 2.0 centimeters if proper im- 
mobilization of the excised area is carried 
out. This procedure, however, has not 
proved very successful. ; 

Clinically, the two main locations of tran- 
section are at opposite ends of the ureter. 
namely, block dissection or transection done 
in gynecologic operations or avulsion of tlie 
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ureter, particularly around the ureteropelvic 
junction of the kidney. For practical pur- 
po-es, any complete defect, except for a small 
dis ance, requires an ileal loop as the best 
sul stitute available to date. However, the 
op'imum method for treatment of the com- 
plcie defect has not been devised as yet. 

sU! URING THE URETER 

he techniques of regeneration are used 
when a defect is in such a position or of suf- 
fic.ent magnitude that the severed ends can- 
no! be approximated and are not intended as 
a substitute for a well placed suture line in a 
plastic procedure. Needless to say, very fine 
suiures of No. 5-0 catgut are used through 
the muscularis into the mucosa. No. 4-0 silk 
retention sutures should be used in the serosa 
or muscularis only. Probably one of the main 
causes for stenosis at ureter-to-ureter and 
ureter-to-bowel anastomoses is the use of 
sutures which are too heavy. One suture of 
No. 5-0 chromic catgut at each quadrant 
with 1 loosely placed No. 5-0 silk retention 
suture placed between these is sufficient in 
the ureter of average diameter. 

A suture which attempts to bridge an area 
by pulling the ureter is useless as it will cut 
through the wall and retract. Furthermore, 
it is unnecessary as such a gap will regen- 
erate adequately if left open. The friable 
ureter in a pre-existing infection will also 
regenerate satisfactorily if the infection is 
drained and treated in the previously de- 
scribed manner. 


POSTOPERATIVE 
URETER 


CARE OF ‘THE REPAIRED 


The postoperative treatment of the re- 
generating segment resolves itself, in the 
main, to care of the splint. 

It is advisable to maintain sufficient fluid 
intake; 1,500 to 2,000 milliliters per 24 hours 
will usually suffice. The anastomotic site 
should be drained with a soft rubber drain, 
as it has been found that it is not the pres- 
ence of urine but the puddling which causes 
periureteral fibrosis with its accompanying 
hindrance to ureteral peristalsis. 






‘T Tabe in Stta 


Defect in Yreter 


Fic. 6. A schematic drawing showing how the ‘T tube 
is employed to bridge the ureteral defect. This is only 
one of several adequate techniques. 


Infection is not a problem, being readily 
controlled by sulfonamide derivatives or 
broad spectrum antibiotics. 

Mineral deposits have been cited as caus- 
ing blockage of the tube, but these are most 
frequently phosphate crystals. Their pres- 
ence in the T tube can be detected early and 
can be prevented by adequate fluid intake 
and acid urine which can be maintained by 
the oral administration of ammonium ni- 
trate, although it is occasionally necessary 
to irrigate the indwelling catheter with 0.25 
per cent acetic acid or Albright’s G solution. 
SUMMARY 

Ten surgical principles governing the dis- 
eased or injured ureter have been presented. 
The laboratory background has been ex- 
plained and the surgical application of these 
principles represent a composite of the work 
done by the investigators and urologists. 

The principles involved include the fol- 
lowing: (1) Immobilize the healing ureter. 
(2) Leave the splint in situ long enough for 
healing to take place. (3) Use the type of 
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splint which is ap Jlicable to the case (4) 2. Davis, D. M. Intubated ureterotomy; new operation {| 4 
SI} ‘ae: I waht i Ss for ureteral and ureteropelvic stricture. Surg. Gyn, Ai 
Do not substitute a splint for a carefully Obst., 1943, 76: 513. 
é > 
— : na Ae cas Een coe . 3. Idem. The unsuitability of polyvinyl plastic for ure- ne 
aced § - re AD) WISE re 7 S Aaah roe © Same a. oF At 
pl iced suture line (: me se different me thod teral splinting. J. Urol., Balt., 1956, 74: 747. A] 
of treating the defects for different sites. 4. Hamm, F. C., and WEINBERG, S. R. Ureteral sure: 
(6) Use a fat cushion in the presence of without intubation. Tr. Am. Ass. Genitourin. S:ir- 
Wisse g : ; : I j geons, 1954, 46: 109. 
periureteral inflammation. (7) Do not tran- 5. Hinman, F., Jr., and Oppennemer, R. Smooth WAL 
sec - ureter. (8) Thec te defec 2als muscle regeneration in repair of experimental \ve- ae 
ect the uret ‘ (9) Phe comple te de ecthea teral defects. Tr. Am. Ass. Genitourin. Surge: ns, ANN 
poorly. (9) Suture the ureter loosely with 1955, 47: 188. 
fine sutures. (10) Drain the operative site. 6. McArruur, L. L. A new and simple repair of r p- H. T. 
nyeans tured or strictured ureter. Surg. Gyn. Obst., 1°25, 
ae 41: 719. 
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ALTERATIONS IN FAT AND NITROGEN METABOLISM 
AFTER TOTAL AND SUBTOTAL GASTRECTOMY 


WALTER LAWRENCE, JR., M.D., F.A.C.S., PARKER VANAMEE, M.D., 
ANN S. PETERSON, M.D., GORDON McNEER, M.D., F.A.C.S., SAM LEVIN, Ph.D., and 
H. T. RANDALL, M.D., F.A.C.S., New York, New York 


Tlie SURGEON who has performed a total 
gastrectomy is frequently plagued by the 
patient’s severe nutritional difficulties. ‘This 
situation is particularly distressing in the 
patient whose cancer has been satisfactorily 
removed by the operation. ‘This report is 
presented to record the metabolic observa- 
tions on a single large series of patients after 
subtotal and total gastrectomy, and to es- 
tablish the practical significance of metabol- 
ic defects in regard to the nutritional state 
of these patients. The data presented are 
those from intake-excretion studies on 25 
patients after total gastrectomy and 17 pa- 
tients after subtotal or partial gastrectomy. 

Various objective techniques have been 
used for physiologic investigations into the 


etiology, prevention, and management of 


the symptoms and the absorption problems 
that follow gastrectomy. Studies of this type 
have been extensively reviewed by Everson, 
Kelly and associates, Randall, and many 
others. There is no question that impaired 
assimilation of fat and protein does occur 
in the majority of patients after total gas- 
trectomy. It has been assumed that these 
defects play a role in the observed changes 
in nutritional state. 

Troublesome symptoms after gastrectomy 
often form a characteristic clinical picture 
referred to as the ““dumping syndrome,” and 
dietary carbohydrate has been implicated 
as of great importance in producing these 
symptoms. This theory prompted us to 
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study the effect of altering carbohydrate 
intake on fat and nitrogen metabolism. Our 
curlosity concerning the cause of the ab- 
sorption abnormalities observed led to an 
expansion of studies on the effects of dietary 
adjuvants to include 
These dietary variations and their effect on 


hydrochloric acid. 
the steatorrhea observed have been recently 
reported by Vanamee and associates and 
will be briefly reviewed only for comparison 
with observations on nitrogen metabolism. 


MATERIALS AND METHODS 


A total of 103 metabolic balance studies 
were carried out on 42 patients while hos- 
pitalized in a metabolic unit. All food items 
were carefully prepared in a metabolic diet 
kitchen. Identical diets were homogenized, 
and aliquots of these were analyzed in tripli- 
cate for fat and nitrogen. Carbohydrate 
content was calculated from the weight of 
the ingested food by using the charts of 
Mattice. After a 3 day adjustment period on 
an identical diet, 3 day metabolic balance 
periods were used. Fecal collections were 
divided by means of carmine markers given 
at the beginning and end of each period. 

Clinical material. Twenty-five patients who 
had had total gastrectomy were submitted 
to metabolic study. Six of these cases were 
previously reported from this laboratory by 
Schwartz, Bodansky, Randall, 
their data are included in our over-all anal- 
ysis.' In the majority of these 25 patients, 
after total gastrectomy intestinal continuity 
was restored by simple esophagojejunostomy 


and and 


'The seventh patient from Schwartz, Bodansky, and Randall 
(patient, J. K.) has been restudied on several occasions and all 
relevant data are included. 
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Fic. 1. Diagrammatic representation of *‘extended 
total gastrectomy.” Twelve of the 25 total gastrectomies 
were by this technique. 


with end-to-side or Roux-Y_ technique. 
One patient had a Longmire jejunal inter- 
position, 3 had an esophagoduodenostomy, 
and another (H. B.) had a jejunal pouch 
similar to that described by Limo-Basto. 
Sixty-three separate studies were carried out 
in these patients at postoperative intervals 


varying from 1 month to 8 years, and 4 of 


these patients were subjected to metabolic 
study on 2 or more hospital admissions. 
The underlying disease process was carci- 
noma of the stomach in all but 6 patients. 
‘Two had benign gastric ulcers and 4 had 
sarcomas. The majority of patients in this 
series are now living free of clinical evidence 
of recurrent the remainder 
showed no evidence of recurrence for at 


cancer, and 
least 6 months after the study. Twelve of 
these patients had en bloc resection of the 
distal pancreas, spleen, and contiguous liga- 
ments and fascia in addition to total gastric 
resection. This operation is shown diagram- 
matically in Figure 1 and has been desig- 
nated “extended total gastrectomy” by 
McNeer and associates in the appended 
tables. These data have been included with 
data from the 13 patients who underwent 
simple total gastrectomy since there was no 
significant difference between the two sur- 
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gical techniques noted in metabolic tests. 

The data from 40 metabolic studies in 
patients after subtotal gastrectomy are also 
included in this analysis. The extent of re- 
section in these patients varied from an esii- 
mated 70 to 90 per cent of the stomac). 
Two of these patients underwent resection 
of the proximal portion of the stomach, aiid 
continuity was re-established by esoph i- 
gogastrostomy. The remaining 15 patier ts 
had distal gastrectomy, and all but 2 hid 
a Billroth II type of gastroenterostomy. 
None of the patients subjected to distal g: s- 
trectomy had concomitant vagus sectio ). 
The indications for surgery in this parti .l 
gastrectomy group were carcinoma in 7 
lymphosarcoma in 1, gastric ulcer in 3, ai d 
duodenal ulcer in 7 patients. 

Laboratory analyses. Nitrogen was dete -- 
mined by digestion with selenium-sulfur c 
acid-hydrogen peroxide and micro-Kjelda || 
distillation. Fat was determined by tle 
method of Saxon. Details of the procedur:s 
and chemical methods have been described 
in detail by Schwartz and associates and 
Vanamee and associates. Regression equi- 
tions and other statistical evaluations were 
carried out by standard methods. 


RESULTS 


In ‘Tables I and II are recorded in detail 
the data utilized in subsequent calculations 
along with pertinent clinical data regarding 
diagnosis, age, operation, weights, and post- 
operative interval. The 6 cases previously 
reported from this laboratory by Schwartz 
and associates are included in ‘Table [ and 
are so identified. The metabolic data on 
fat absorption previously reported on 14 of 
the patients after total gastrectomy and 12 
of the patients after partial gastrectomy are 
included in these tables to supplement other 
data from these same studies. Our findings 
in regard to fat and nitrogen metabolisin 
will be considered separately. ‘ 

FAT ABSORPTION 

Total gastrectomy. The relationship be- 

tween the fat intake and fecal fat is charted 
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Fic. 2. 


in Figure 2. It is apparent that there was 
extensive variation in fat absorption among 
these 59 studies on 25 patients. Additional 
studies were performed during administra- 
tion of hydrochloric acid supplements which 
are not included with these data.” The range 
of absorption in this over-all group was 41 
to 97 per cent of the dietary intake of fat 
and the regression equation obtained was 
y= —2.2+.21x(x=fat intake and y= 
fecal fat). The correlation coefficient (r= 
.76) was significant (P<.01). 

From the data of others on normal sub- 


jects as well as our own studies on patients 


without gastrointestinal disease, 92 per cent 
absorption has been considered as the lower 
limit of normal fat absorption. Only 3 of 
the 25 patients subjected to total gastrec- 
tomy absorbed over 92 per cent of dietary 
intake on all studies, and only 7 patients 
ever achieved normal absorption on even 
one study (without dietary adjuvants). The 
mean value for percentage absorption of 
dietary fat intake in this series of 59 studies 
was 81.7 per cent. 

Fat absorption after total gastrectomy. The 
following factors affected fat absorption 
alter total gastrectomy: (1) Dietary fat. In 


Four studies were eliminated from these calculations for 
this reason. 
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FAT INTAKE (gm/d) 
Fic. 3. 

Fic. 2. Relationship between fat intake and fecal fat 
in 25 patients after total gastrectomy (59 studies). Nor- 
mal data collected by Wollaeger and associates. 

Fic. 3. Fat absorption (as per cent of intake) in rela- 
tion to level of dietary fat in individual patients after total 
gastrectomy. 


a limited number of individual studies, 
there are wide variations in the level of fat 
intake without other dietary changes. It can 
be seen from Figure 3, however, that the 
actual percentage absorption of dietary fat 
remains amazingly constant over a wide 
range of intake. (2) Dietary carbohydrate 
intake. Of 11 patients, more than 2 months 
total gastrectomy, who were chal- 
lenged with high carbohydrate intake while 
on a constant fat intake, 8 showed a decrease 
in fat absorption ranging from 4 to 50 per 
cent below the control values. The remain- 
ing 3 patients showed little change in fat 
absorption with this change in carbohydrate 


after 


intake, but 2 of these 3 were among those 
without an absorption defect initially (TVa- 
ble III).* (3) Dietary adjuvants—hydro- 
chloric acid. Administration of 25 cubic 
centimeters of 0.1 normal hydrochloric acid 
prior to meals produced an improvement in 
fat absorption in 5 of 8 patients after total 
gastrectomy and this was a frequent finding 
after partial gastrectomy also (Fig. 4). These 
data have been reported in greater detail 
in a separate report by Vanamee and asso- 
ciates on factors affecting postgastrectomy 
steatorrhea. 


‘Four patients less than 2 months after operation were not 


included in this analysis as rapid changes in ‘adaptation’ in 
this period seriously interfered with interpretation of data 
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| § : 2 ci ni Fat absorption after subtotal gastrectomy. Vhe 
& a relationship between dietary intake of fat 
Bed . x “ and the fecal fat in 34 studies of 17 patients 
ig sa a3 ; 7 after subtotal gastrectomy is demonstrated 
as S ” a o in Figure 5. The regression line for these 
ee oe 2 t data is y=0.3+.10x(r=.58; P<.01). The 
? mean value for fat absorption for the sub- 
sas = total gastrectomy group was 90 per cent. 
. 5 . a Eleven patients of this group of 17 were 
. SEs mnie ac > +S above our arbitrary lower limit of normal 
SP2 S33 252 % & * & % of 92 per cent fat absorption on at least one 
; 5 = ee ed. e ced study. Three of these patients had no ab- 
saa 2° eter = S S=c — sorptive defect on low carbohydrate intake. 
a but an absorption defect became apparent 
e$0 822975 % je * = 4 on higher carbohydrate intake. 
a Ao & 
: 5 cicerr n 7 i ae NITROGEN METABOLISM 
ePecbeseen g Sf ¢<¢ #98 a : 
. . Analysis of the protein metabolism of pa- 
. : Se ene ° 3 Bs — tients can be carried out in greater detail 
‘oe @s%"* 7 4 ~ a than fat metabolism, since total excretion of 
z > nitrogen can be measured by combining 
sae os pecs | ri ci “ tt urinary with fecal nitrogen loss. By this 
“aa means over-all balance data may be ob- 
2 P tus 3% ¥ i Be ¥ See tained in addition to data on alimentary 
— os ” = ” ~*~ absorption. 
ps si Protein absorption and metabolism after total 
i156 = < ass ZR gastrectomy. Vhe data comparing total pro- 
= 7 tein intake (expressed as nitrogen) with 
: § ° fecal nitrogen loss are charted graphically 
4 < . F F in Figure 6. The studies in which hydro- 
Q sf 4 5 5 2 chloric acid produced a change have been 
9 es 4 si ‘i i omitted from these calculations, leaving 57 
< 1 ~ - = studies for statistical analysis. Although the 
= o = = = correlation coefficient of the regression 
ra ” “ - ” equation (y=1.2+.083x) is significant at 
4 3 : the 1 per cent level (r=.44), there is 
r. s 2 - _ 2 marked variability in these data. and _ this 
= x Z 2 3 3 3 fact is readily apparent on inspection of the 
= 3 im 3 3 F graph. Data on fecal nitrogen excretion in 
1 normal subjects reported by Forsyth and 
= Sn re = 0 _ ¢ associates are also represented in Figure 6 
5 by the dotted regression line. 
< g sf g : Of even greater interest, however, is the 
23 ae 2 z § relationship between nitrogen intake and 
> § be 5 E 5 total nitrogen excretion in the 25 totally 
™ E E sr E a S gastrectomized patients (Fig. 7). Treatment 
a si ~ 7 ~ of these data has given the regression line. 
=. vw, y=32+.81x (r=.91; P<.01) where \ 
Sa 2 = 2 = represents total combined fecal and urinary 
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Fic. 5. 


Fic. 4. Effect of administration of hydrochloric | cid 
(25 c.c. 0.1N) before meals on fat absorption after  ib- 
total and total gastrectomy in 13 patients with a dc ect 
in fat absorption. 

Fic. 5. Relationship between fat intake and feca’ fat 
in 17 patients after subtotal gastrectomy (34 studi: 
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nitrogen excretion and x the nitrogen in- 
take, both expressed as milligrams per 
kilogram of body weight per day. ‘This re- 
lationship demonstrates an increased nitro- 
gen requirement in these patients as will be 
discussed subsequently. 

Factors affecting nitrogen metabolism. Carbo- 
hydrate intake.—Metabolic data from 10 
patients subjected to variation in carbo- 
rABLE II.—EFFECT OF CARBOHYDRATE INTAKE 

ON FAT ABSORPTION AFTER TOTAL GASTREC- 

TOMY* 


Patients with —_Fat absorption, per cent 


abnormal fat Lou High 
absorption, carbohydrate carbohydrate Change in 
<92 per cent diet diet absorption 
M.S. 90.5 40.8 50.4 | 
j.M. 91.1 73.6 17.5 
A.B. 82.7 68.9 13.8 | 
E.7. 90.9 79.1 1 a I 
M.N. 79.3 85.8 6.5 | 
J: 88.3 70.0 18.3 | 
Patients with 
normal fat 
absorption, 
> 92 per cent 
aK. 98.7 93.7 5.0.1 
I.K. 96.7 95.5 1.2] 
J.M. O21 95.1 3.0 | 
S.B. 93.5 83.7 98:4 
G.G. 96.3 91.6 4.7 


Fat intake constant while carbohydrate intake varied. 

*Four patients 2 months postoperative (H.B., A.B., M.S., M.N.) 
were not included due to confusion produced by rapid ‘‘adaptation”’ 
occurring in this early period. 


hydrate intake while on constant nitrog:n 
intake are shown in Figure 8. There wa: a 
decrease in absorption of nitrogen in all but 
1 patient after increasing the dietary car! .o- 
hydrate, and this decrease in absorption 
varied from 1.4 to 22.6 per cent of tie 
dietary intake. The mean decrease in a\- 
sorption in this group of 10 patients was “4 
per cent. It would appear that the effect ol 
increasing carbohydrate in the diet was 
similar with protein to that described in our 
fat absorption studies. The effect of this 
change in carbohydrate intake on _ [at 
metabolism could not be evaluated, as there 
is no satisfactory method for collecting and 
measuring the end products of fat metabo- 
lism. By nitrogen balance studies, however. 
the net result of dietary changes on nitrogen 
metabolism could be evaluated (‘Table I\ ). 
Only 2 of the 10 patients had a shift toward 
a more negative balance when carboliy- 
drate intake was increased, despite an in- 
crease in fecal losses. Actually, the mean 
change in balance per patient, was + 2.1 
grams of nitrogen per day. 

Because of this change in nitrogen ab- 
sorption noted with modification of carho- 
hydrate intake, it is not feasible to study the 
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Dietary Nitrogen Intake gms/day 
Fic. 6. 

Fic. 6. Relationship between nitrogen intake and fecal 
nitrogen in 25 patients after total gastrectomy (57 
studies). Normal data from Forsyth and associates shown 
in broken line for comparison. 

Fic. 7. Relationship between nitrogen intake and total 


effects of variations in nitrogen intake on 
fecal excretion without maintaining a con- 
stant carbohydrate diet. Data fulfiiling this 
requirement are insufficient to determine 
accurately the effect of variation of nitrogen 
intake on nitrogen absorption. 

Dietary adjuvants.—In view of the in- 
crease in absorption of fat noted when hy- 
drochloric acid supplements were adminis- 
tered prior to meals (25 c¢.c. 0.1 normal 
HCl), similar observations were made on 
nitrogen losses in 6 patients receiving such 
supplements. Contrary to the findings re- 
garding fat absorption, there was a zero to 


18 per cent decrease in nitrogen absorption 


while patients were receiving hydrochloric 
acid when compared with an otherwise 
identical metabolic period prior to this. The 
mean decrease in absorption for this group 
of 6 patients after total gastrectomy was 5.7 
per cent. Study of the effect of this supple- 
ment on nitrogen balance showed no sig- 
nificant change in balance however (‘Table 
V). 

Nitrogen metabolism after subtotal gastrec- 
tomy. ‘Treatment of our data on 33 studies 
(without dietary adjuvants) of 17 patients 
after partial gastrectomy yielded the re- 
gression line, y= —9+.98x (r=.88; P <.01) 
where x=dietary intake of nitrogen as 


Nitrogen Excretion mg/kg/day 
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nitrogen excretion in 25 patients after total gastrectomy 
(57 studies). 


2 


milligrams per kilogram per day and y= 
total nitrogen excretion as milligrams per 
kilogram per day. When dietary intake in 
grams was compared to fecal excretion in 
grams, the regression line y=.16+.125x 
(r=.61; P<.01) obtained. Untfor- 
tunately, there were few data at lower levels 
of intake in this group which led us to con- 
sider the unreliable for this 
group. The patients subjected to subtotal 
gastrectomy were also a less homogeneous 
group than those after total gastrectomy 
because of the variations in extent of partial 
resection. 


Was 


regression 


A study of nitrogen absorption on an 
increased carbohydrate diet in 8 patients of 
this subtotal gastrectomy group showed a 
mild decrease in absorption in 5 patients. 
These changes did not appear significant. 

Relationship of body weight and nutritional 
status to metabolic data. It seemed reasonable 
to assume that a defect in fat or protein 
assimilation might contribute to the malnu- 
trition many patients after 
total gastrectomy. ‘To evaluate this condi- 
tion objectively, however, the relationship 
between fat absorption and body weight 
was considered. ‘To achieve uniformity, the 
body weight at the time of the study was 
compared with the preoperative weight and 


observed in 
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TABLE IV. 


EFFECT OF CARBOHYDRATE INTAKE ON NITROGEN METABOLISM AFTER TOTAL GASTRECTO\Y 


Surgery, Gynecology & Obstetrics - 


Nitrogen absorption, per cent 


May 1960 


Nitrogen balance, grams 





Low: carbohydrate High carbohydrate Change in Low carbohydrate Iigh carbohydrate Char 
Patrent het diet absorption det det ha! 
MLS 96.5 73.9 22.6 | +1.1 + 8 ( 
j.M. 89.9 71.4 18.5 | $2.2 +1.2 
A.B. 80.0 78.6 1.4] 2.5 +1.5 + 
J.M. 90.3 78.8 15] 4.2 7 AG | + 
Oe i 86.9 69.0 17.9 0.6 0.2 +/ 
M.N, 85.3 87.3 2.0 -3.1 +2.6 + 
M.N. 88.2 85.3 2.9 +4.7 +8.6 + 
MLS. 75.9 72.1 3.8 | +0.8 +1.8 +1) 
or. 87.5 78.6 8.9 | —0.7 +4.1 aa 
A.B 56.0 48.0 8.0 | +1.6 +-2.3 +( 
Means 9.4] + 

No decrease in nitrogen intake with increase in carbohydrate. 
TABLE V.—EFFECT OF HYDROCHLORIC ACID ADMINISTRATION PRIOR TO MEALS (25 c.c. 0.1 N) ON NITROGI \ 
METABOLISM AFTER TOTAL GASTRECTOMY (DIET CONSTANT) 
Nitrogen absorption, per cent_ Nitrogen balance, grams 
Control Wirth Change in Control With Change ur 

Patient period Hcl absorption period HCl balance 
jJ.M. 71.4 71.4 0 +1.2 —0.2 —1.4 
ET. 69.0 59.5 9.5] —0.2 —0.5 =03 
S.B. 75.2 73.6 1.6 | +1.2 +1.6 +0.4 
M.N. 87.3 84.9 2.4 | +2.6 +1.1 —1.5 
M.S. 72 69.8 2.3 | +1.8 +2.1 +0.3 
HB. 67% 49.3 18.3 | 2.8 —0.4 4+2.4 
Means a | No significar 


this comparison was charted in terms of 
percentile gain or loss from the preoperative 
weight. Sufficient data were available on 21 
patients after total gastrectomy to study this 
relationship. One value for fat absorption 
was used for each patient while on moderate 
fat and carbohydrate intake. Comparison 
between weight and fat absorption on 2 
occasions in some patients gave a total of 26 
correlations for the group of 21 patients. It 
can be seen from Figure 9 that there is very 
little positive correlation between the fat 
absorption data and the maintenance of 
body weight. Seven studies in 6 patients 
who exceeded preoperative 
weight at the time of study showed a mean 
fat absorption of 80.7 per cent. This was 
slightly higher than in the 19 studies of pa- 
tients who did not achieve their preopera- 
tive weight at the time of study. It was 
found that the mean absorption in the 10 
studies of 9 patients who were 1 to 15 per 
cent below preoperative weight was the 
same (82.4 per cent) as the mean absorp- 
tion in the 9 studies of 9 patients 16 to 41 
per cent below preoperative weight. When 


achieved or 


change in bala 


these same data were calculated, using tlie 
pre-illness weight as base line, in lieu of tl. 
preoperative weight, very similar findine 
were obtained. None of these patien 


tf 


i 





actually exceeded their pre-illness weight «1 
the time of the study period. 

This report is not concerned with studic 
of the dumping syndrome, but additional 
comment is pertinent in regard to these 
body weight studies. Although after total 
gastrectomy the majority of these patients 
could be shown to have objective findings 
characteristic of the dumping syndrome by 
means of a test meal of hypertonic glucose, 
a much smaller proportion of patients com- 
plained of significant symptoms while on 
their usual diet. Six of these 21 patients after 
total gastrectomy did have severe dumping 
symptoms on their regular diet alone, and 
3 of these patients were those 3 who had the 
greatest deficit in body weight in the entire 
group. ; 


St 


DISCUSSION 
The observation that steatorrhea  fre- 


quently follows total gastric resection has 
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becn well established by many reports, in- 
cluding two from our own laboratory. These 
daa on fecal fat excretion of 25 totally 
ga.'rectomized patients are quite similar to 
those from our initial report on 7 patients. 
Tl. regression coefficients for both groups 
ar identical (0.21) and comparison of the 
recession with that calculated for 
no: mal patients from the data of Atwater 
an! Benedict, Benedict and Milner, and 
Wait (y=3.0+.02x) shows a significantly 
increased fecal fat total 
gastrectomy. 

(he criteria used for considering an ab- 
normality in fat excretion in an individual 
patient vary among authors. We chose 92 


lines 


excretion after 


per cent absorption as the lower limit of 


normal from consideration of the 5 per cent 
mean value for fat excretion in patients 
without gastrointestinal disease (standard 
deviation 2.2 per cent).’ Everson expressed 
the belief that, with diets containing less 
than 80 grams of fat per day, the fecal ex- 
cretion of fat should be considered normal 
if under 10 grams per day. Patients on low 
fat intakes, however, seem to have approxi- 
mately the same per cent absorption defect 
as when given diets with increased fat (Fig. 
3). We have, therefore, adhered to the 
range of normal fat absorption as described. 
By utilizing this classification, 22 of 25 pa- 
tients after total gastrectomy in this series 


had abnormal fat absorption on one or. 


more blocks (88 per cent). Of Everson’s 33 
collected patients, 26 or 79 per cent, had 
abnormal absorption after total gastrec- 
tomy, although only 21 were considered 
abnormal by his own criteria. An additional 
30 patients reported since that review by 
Polak and Pontes, Kelly, and Moreno 
showed an 80 per cent incidence (24 pa- 
tients) of subnormal fat absorption after 
total gastrectomy. ‘The range of mean ab- 
sorption in these latter studies was 77 to 89 
per cent. It can safely be said from all these 
data that the patient following total gas- 
trectomy usually, but not always, exhibits 


‘Studies reviewed by 
Schwartz and associates. 


Wollaeger and associates and by 
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Fic. 8. Effect of change in carbohydrate intake on 


nitrogen absorption (as per cent of intake) in 10 patients 
after total gastrectomy. Data from Table V. 


mild steatorrhea. ‘The presence or degree of 
this abnormality seems unrelated to pres- 
ence or absence of postprandial symptoms. 
This increased excretion is in the general 
range of 20 per cent of dietary fat in com- 
parison with a 5 per cent figure for normal 
persons. The marked variations in fat ab- 
sorption noted, even in the same patient, 
were definitely related to 
carbohydrate intake in an 
number of patients. 

The observation that there is a frequent 
decrease in fat absorption with increase in 
carbohydrate intake is of great interest in 
view of the established importance of car- 


variations in 
appreciable 


bohydrate intake in the ‘‘dumping syn- 
drome.” ‘The mechanisms responsible for 
this effect on fat absorption may include 
decrease in bile production or enzyme pro- 
duction by the pancreas, or possibly, altera- 
tions in intestinal motility, but the exact 
cause must await further study. 
changes and the improvement in_ post- 
gastrectomy steatorrhea noted when hydro- 
chloric acid, pancreatic supplements, or bile 
are given prior to meals have been discussed 
in detail in another report by Vanamee and 
associates. 

A study of the factors that do not affect 
fat absorption is also interesting and of 
practical importance in management. When 
other dietary factors are relatively stable, 


‘These 








COMPARISON OF NITROGEN INTAKE-EXCRETION DATA OF PATIENTS AFTER TOTAL GAS. 


TRECTOMY WITH THAT OF NORMAL PERSONS 


612 Surgery, Gynecology & Obstetrics - May 1960 
rABLE VI. 
Correlation 

Regression coefficient 
Data equation (r)* 
Present study y =32+0.81x 0.91 
(Total gastrectomy) 
Von Hoesslin y =77+0.31x 0.96 
(Normal patients) 
Beattie and associates. 6 =27 +0.76x 0.90 


(Normal patients) 


*All significant at less than .01 level. 


Calculated total nitrogen excretion at 
___intakes producing zero nitrogen balance- 
168 mgm./kgm. 


Excretion at 
zero balance, 


mgm./kgm./day 112 mgm./kgm./day 


168 123 (93-153) 168 (138-193 
112 112 (93-131) 155 (136-17 
112 112 (92-132) 155 (135-17 ) 


TABLE VII.—COMPARISON OF FECAL EXCRETION OF NITROGEN IN NORMAL PERSONS WITH FECAL 
EXCRETION IN PATIENTS AFTER TOTAL GASTRECTOMY 
Calculated fecal nitrogen excretion al 
Correlation Fecal nitrogen __intakes producing zero nitrogen balanc. — 

Regression coefficient at zero balance, Normal Total gastrecto 
Data equation (r)* gm./day 112 mgm./kgm./day 168 mgm./kgm.. lay 
Present study... .......00% 50 y =1.2+0.083x 1.83 24 33 
(Total gastrectomy) 
Forsyth and associates...... y =0.5+0.067x .66 95 16 20 
(Normal subjects) 

Comparison of normals Difference in fecal 8 13 


with gastrectomized 
patients in regard to 
nitrogen excretion 


nitrogen excretion 

Difference in total 

nitrogen excretion 11 13 
(from Table II) 


Differences in fecal excretion between groups at two levels of intake are compared with data from combined fecal and urinary excretion, 


*Both significant at less than .01 level. 


marked variations in the fat intake itself do 
not affect the per cent fat absorption to any 
significant degree. ‘This laboratory finding 
is of great importance and can be effectively 
utilized in the nutritional management of 
such patients. The fecal fat loss can be 
offset by a moderate increase in fat intake 
since the per cent absorbed does remain 
constant. 

Another factor which seems to have little 
effect on the degree of steatorrhea observed 
is the type of anastomotic reconstruction 
utilized after total gastrectomy. Most of the 
patients in the series had simple end-to-side 
esophagojejunostomy, and the data on fat 
absorption in this group ranges from 69 to 
97 per cent. Patients with Roux-Y anasto- 
mosis did not demonstrate any difference 
from the former group in regard to fat 
absorption despite our clinical impression 
that this anastomosis was definitely followed 
by less severe postprandial symptoms than 
end-to-side 


esophagojejunal anastomosis. 


This observation is in agreement with the 


report of Kelly and associates. Esophago- 
duodenal reconstruction utilized in 
only 3 patients but was not accompanied by 
any apparent difference in objective met- 
abolic data on fat absorption, although this 
had been reported by others. Since only | 
patient in this series had a_ simulated 
“gastric pouch” of any type, no statement 
can be made regarding metabolic effects 
after this method of reconstruction. Limited 
data reported by Moreno show that patients 
with ‘“‘pouch” reconstruction demonstrate 
no real metabolic difference from simpler 
procedures despite easier maintenance ol 
satisfactory body weight.. Limo-Basto, on 
the other hand, has presented data sug- 
gesting metabolic benefit from such  pro- 
cedures. 

The cause of the steatorrhea after gas- 
trectomy has been discussed in great detail 
in other reports. The loss of the reservoir 
and triturating function of the stomach, 
decreased stimulation and poor mixing 0! 
pancreatic and biliary secretions, and al- 


was 
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ter itions or abnormalities in_ intestinal 
m« ‘ility may all play some role in this mild 
al) iormality of fat absorption. ‘To these 
ex, [anations one might now add the effect 
of lietary carbohydrate level as well as the 
ro| of intestinal pu. 

‘wo aspects of the steatorrhea problem 
should be kept in mind from a practical 
cli ical standpoint. ‘The first is the relatively 
poor correlation noted between actual 
ab lity to maintain body weight after total 
a-trectomy and the degree of steatorrhea 
observed on metabolic study. ‘This observa- 
1 suggests that the defect in fat absorp- 
tion usually contributes a minor role in the 
malnutrition. ‘The second factor which 


should be appreciated is that the degree of 


steatorrhea noted in these patients is of a 
mild degree when compared with that noted 
alter massive small bowel resection, sprue- 
like syndromes, and major pancreatic re- 
section. Although the steatorrhea alter total 
gastrectomy is of great interest from the 
physiologic and etiologic standpoint, the 
role of the steatorrhea is probably of less 
clinical significance than 
imagined. A wonderful example is our pa- 
tient, G. G., who 5 years after total gas- 
trectomy demonstrated normal absorption 
of dietary fat (96.3 per cent) but was only 
able to maintain body weight at a level 41 
per cent below her preoperative weight. In 


we previously 


contrast to this is M. N., one of our best. 


clinical results from the nutritional stand- 
point. He has exceeded his preoperative 
weight, continues to but 
demonstrates a fecal fat excretion of more 


gain weight 
than 20 per cent of his fat intake. ‘These ob- 
servations support the concept that post- 
gastrectomy nutrition is most closely re- 
lated to the ability of the patient to tolerate 
adequate intake without disabling symp- 
toms and not to the degree of steatorrhea. 
The group of patients subjected to the 
subtotal gastrectomy found to 
have a decrease in fat absorption when 
compared to normal but this 
defect was not as frequent or as severe as 
Was seen after total gastrectomy. Most of the 


were also 


patients, 
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Fic. 9. Relationship between fat absorption (as per 


cent of intake) and body weight at time of study (as 
per cent of preoperative weight). These are 26 separate 
studies in 21 totally gastrectomized patients receiving 
moderate fat, moderate carbohydrate diet. (Patient G. 
G., with fat absorption 96.3 per cent of intake and body 
weight 41 per cent below preoperative weight, does not 
appear. ) 


factors generally considered to be responsi- 
ble the steatorrhea noted total 
gastrectomy apply in part to patients sub- 
jected to partial gastrectomy so that these 
observations on fat absorption after sub- 
total gastrectomy are what one might ex- 
pect. 

Six of our group of 17 patients after sub- 
total the lower 
limit of normal fat absorption (92 per cent). 
In the group of 44 patients reviewed by 


for alter 


gastrectomy were below 


Everson, 35 had abnormal fat absorption 
when the same criteria were used, but of the 
18 cases reported since that time by Mac- 
Lean and associates, Hayes, and Moreno, 
there was a 50 per cent incidence of defect 
in fat absorption. In general, the absorp- 

fat 
the normal 


tion of alter partial gastrectomy is 
total 


gastrectomy and is therefore of even less 


nearer range than alter 
clinical importance. 

As previously reported, 5 patients in the 
group that were studied on more than one 
alter total 
some improvement in fat absorption with 
the length of postoperative interval. When 
the per cent fat absorption was correlated 


occasion gastrectomy showed 


with the postoperative time, there seemed 
to be a definite tendency for an improved 
fat absorption with longer period between 
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surgery and the metabolic study. In 11 pa- 
tients who were studied at a time 2 years or 


more after total gastrectomy, the mean of 


the maximum fat absorption attained was 
90.6 per cent. This minimal defect is of the 
same degree of magnitude as that seen in 
studies of most patients after partial gas- 
trectomy. Actually, 7 of these 11 patients 
studied more than 2 years postoperatively 
reached normal range of fat absorption (92 
per cent). It seems clear that although some 
patients do have significant steatorrhea 
after total gastrectomy, fecal fat losses be- 
come even less important after the patient 
has fully recovered and undergone a 
sufficient postoperative interval to become 
adjusted to his new gastrointestinal state. 

Since optimum nutrition with mainte- 
nance of lean tissue mass is governed by 
absorption of protein, as well as utilization 
of this foodstuff, the over-all metabolism 
of nitrogen in these gastrectomized patients 
was Of great interest. The relationship be- 
tween fecal nitrogen and dietary nitrogen in 
normal patients has been shown by Forsyth 
and associates to have a definite relationship. 
Although there is some variability in the data, 
the same situation applies to our group of 
patients after total gastrectomy, but the fecal 
excretion of nitrogen is at a slightly higher 
level than in normal individuals. ‘This finding 
might be considered a decrease in absorption 
of protein (as nitrogen) and such an impair- 
ment in absorption might have similar etiol- 
ogic mechanisms to the mild steatorrhea de- 
scribed. The absorption of nitrogen was 
plotted against the absorption of fat in 57 
individual studies, and the correlation co- 
efficient for this relationship (.69)° showed a 
positive correlation between these two 
metabolic defects. Since the defects with 
each foodstuff are probably due to a 
multiplicity of factors, however, it is not 
possible to say that the defects in absorption 
were due exclusively to common etiologic 
mechanisms. 

In contrast to the studies of fat metabo- 
lism, nitrogen lends itself to more adequate 


5‘P<.OL, 


May 1960 


study in that total nitrogen excretion can |e 
compared with total nitrogen intake. ‘Tis 
relationship was compared with calcula- 
tions by Schwartz from the data in normal 
patients previously reported by von Hoess in 
and Beattie and associates. Both of thse 
groups of normal patients were malnouris! °d 
as a result of inadequate intake and wi re 
being repleted at the time of the study. .\l- 
though the regression lines for these t vo 
groupsof normal data are ostensibly differe it, 
itisofinterest that the theoretic intake to p: o- 
duce zero balance in each of these norn al 
groups was 112 milligrams of nitrogen per } il- 
ogram of body weight per day.® On the ot er 
hand, the intake and excretion at zerobalai ce 
in our group of patients after total gastr:c- 
tomy was somewhat higher than this: 108 
milligrams of nitrogen per kilogram of bo ly 
weight per day (See Table VI). The to al 
nitrogen excretion at intakes producig 
zero nitrogen balance in both the norm al 
patients and patients after total gastrectomy 
are recorded with a range of two standard 
deviations about these calculated excretion 
values. There was sufficient overlap in each 
of these calculations of total nitrogen excre- 
tion at both levels of intake to prevent a 
strong statement regarding a difference in 
nitrogen intake requirements for equilib- 
rium. However, the nitrogen intake ade- 
quate for equilibrium in normal persons docs 
appear generally insufficient for nitrogen 
equilibrium in totally gastrectomized pa- 
tients, and there tends to be a negative 
balance in these patients who had _ total 
gastrectomy when they are on such an in- 
take (Table VI). 

The question arises as to whether the 
apparent difference in nitrogen require- 
ment for equilibrium between the totally 
gastrectomized patients and normal patients 


is due to diminished intestinal absorption of 


nitrogen alone or to increased metabolic re- 
quirements also. For this reason; we calcu- 
lated theoretic fecal nitrogen excretion as 
milligrams per kilogram per day at the in- 

*This was calculated by solving the regression equations ‘or 


the point where x=y, or *‘zero balance.” 
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takes producing zero nitrogen balance in 
each of these two groups. For these purposes, 
known body weights were utilized for the 
patients in our study and a mean body weight 
of 60 kilograms was assumed for the normal 
subjects reported by Forsyth and associates. 
Comparison of the fecal nitrogen excretion 
at these two intakes with the total nitrogen 
excretion at the same intakes reveals no 
increase in nitrogen excretion in patients 
after gastrectomy that cannot be attributed 
io excess stool nitrogen alone (Table VII). 
Since the absorptive defect in regard to 
nitrogen is not severe, a slight increase in 
protein intake can easily offset this defect in 
nitrogen absorption. 

Factors we have recently shown to affect 
lat absorption also affect the absorption of 
protein (as nitrogen), but in a somewhat 
different manner. Increasing the carbohy- 
drate in the diet reduces the absorption of 
nitrogen to some degree, just as with fat, but 
a study of the over-all effect of this dietary 
change actually reveals an increase in nitro- 
gen retention, possibly due to increased 
calorie intake. This finding could hardly be 
considered disadvantageous from the nu- 
tritional standpoint. Hydrochloric acid sup- 
plements produce no significant change in 
nitrogen balance, but they do demonstrate a 
decrease in nitrogen absorption, a finding 
opposite to that noted with fat absorption. 


The reason for this apparently opposite . 


effect on these two foodstuffs is not clear. 
Patients after partial gastrectomy had 
changes in nitrogen metabolism as describ- 
ed, but the diminished absorption of nitro- 
yen was less striking than in patients after 
total gastrectomy. 

A small but consistent excess loss of fat, 
protein, or calories due to diminished 
absorption can accumulate so as to con- 
tribute significantly to postgastrectomy mal- 
nutrition. All measurable defects in absorp- 
tion, however, can be easily managed by a 
small appropriate increase in intake. This is 
‘practical solution if symptoms after eating 
do not prevent a reasonable dietary intake. 
In our experience, the most acceptable diet 
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in regard to postprandial ‘‘dumping” symp- 
toms is the high protein, high fat, low car- 
bohydrate, frequent feeding diet. This can 
provide sufficient calories and tends to pro- 
duce symptoms to a lesser degree than diets 
containing a larger proportion of carbo- 
hydrate. Other measures which tend to 
minimize the dumping syndrome are of 
great importance in the management of 
some of these patients from the standpoint 
of nutrition. These include the mainte- 
nance of a normal blood volume, reclining 
after meals, and support of the psyche. 
Vitamin supplements, particularly vitamin 
Biz, are also important in the management 
of some of these patients. Despite rigid ad- 
herence to such a dietary plan, some pa- 
tients after total gastrectomy will still have 
disabling symptoms and some degree of mal- 
nutrition. It has been our experience, how- 
ever, that the majority of patients can be 
maintained in an adequate state of nutrition 
on this program. 


SUMMARY 


A series of 25 patients after total gastrec- 
tomy and 17 patients after subtotal gas- 
trectomy were subjected to metabolic study. 

1. The mean fat absorption after total 
gastrectomy was 81.7 per cent of intake 
(normal range is 92 to 100 per cent), but 
there was much variation between patients. 
The per cent absorption of dietary fat in 
individual patients was completely un- 
affected by variations in fat intake, gener- 
ally decreased by increasing dietary car- 
bohydrate, and usually increased when 
hydrochloric acid supplements were ad- 
ministered. 

2. Protein absorption was also decreased 
after total gastrectomy. Increasing the 
dietary carbohydrate reduced nitrogen ab- 
sorption, but total retention of nitrogen was 
slightly increased as judged by urinary 
nitrogen measurements. Hydrochloric acid 
supplements decreased protein absorption 
slightly, in contrast to the findings with fat 
absorption, but this did not cause a negative 
nitrogen balance. 
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3. Comparing the mean dietary protein 
intake required to achieve “zero balance” 
after total gastrectomy with similar calcula- 
tions from groups of normal subjects demon- 
strated a definite increase in dietary nitrogen 
requirement for these patients. 

4. Metabolic studies of patients after sub- 
total gastrectomy showed similar, but less 
striking, variations in both fat and nitrogen 
metabolism. 

5. Comparison of our metabolic data 
with body weight studies in the same pa- 
tients showed a poor correlation between 
nutritional state and the observed absorp- 
tion defects. The most important factor in 
adequate nutritional maintenance seemed 
to be the ability to control postprandial 
symptoms sufficiently to allow adequate in- 
take. 

6. With careful dietary management the 
majority of these patients could be main- 
tained in adequate nutritional state, and 
this fact would seem to justify continued 
performance of total gastrectomy, when 
indicated, for cancer of the stomach. 
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AN EXPERIMENTAL STUDY OF THE DIAGNOSIS OF 


MESENTERIC INFARCTION 


KAREL B. ABSOLON, M.D., SISTER VICTORINE LONG, M.S., and 
SAMUEL W. HUNTER, M.D., F.A.C.S., Minneapolis, Minnesota 


DESPITE THE ADVANCES MADE in the treat- 
ment of intestinal obstruction and thrombo- 
embolic disease, acute mesenteric vessel 
occlusion remains the most deadly of all 
causes of intestinal obstruction. A variety of 
clinical manifestations is found, ranging 
from asymptomatic cases and those of re- 
current episodes of abdominal pain or in- 
testinal malabsorption to the other extreme 
of acute irreversible bowel infarction due to 
acute occlusion of the mesenteric artery, 
vein, or both. 

Delay in diagnosis of acute mesenteric 
vessel obstruction is an important cause of 
the high mortality. The x-ray finding of 
small and large bowel distention, either 
mechanical or paretic in character, which 
stops at the transverse colon is significant 
diagnostically, but an extreme absence of 
intestinal gas is commonly found. Barium 
swallow will reveal a remarkable retention 
in the affected loops which show less disten- 
tion than in mechanical obstruction; but the 
advisability of this examination must be 
questioned. Peritoneal tap will yield bloody 
fluid in some cases of mesenteric vein throm- 
bosis but is rarely positive with acute 
mesenteric artery occlusion. Severe ab- 
dominal pain and shock with associated 
cardiovascular disease should suggest em- 
bolic mesenteric artery obstruction. How- 
ever, some patients with mesenteric infarc- 
tion have only minor symptoms during the 
initial stages of the disease so that the differ- 
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ential diagnosis may present formidable 
problems. 

Resection of the necrotic bowel is the 
most common form of therapy. The direct 
surgical attack on the mesenteric artery by 
embolectomy, thrombarterectomy, and by- 
pass grafts are possible only as long as the 
intestine retains its recuperative power. 
Propagation of an initially limited embolic 
and thrombotic process is another 
sideration. E therefore, 


con- 
Early diagnosis is, 
essential. Aortography may delineate the 
mesenteric artery obstruction and demon- 
strate its collateral channels; but it does not 
appear to be a suitable examination for 
severely ill patients. 

Measuring the enteric blood flow is the 
central point of inquiry. Intravenous injec- 
tion of I’ labeled human serum albumin 
and approximation of the intestinal and 
mesenteric blood flow by recording the 
radioactivity determined by a collimated 
scintillation counter, externally placed over 
the abdomen, offered itself as a feasible ap- 
proach. Similar techniques have been pre- 


Fic. 1. Drawing of radioisotope recording apparatus 
in position. 
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TABLE I.—CONTROL SERIES (GROUP 1) 





Total RISA Maximum count, X 10°__ 
Dog Weight, RISA per 5-12 20 30 
No. lbs. t.v.,pec. Lb. Sec. Sec. Sec. Sec. 
1 14 5 35 255 150 165 165 
4 30 5 .16 260 135 140 140 
3 15 5 33 200 130 130 130 
4 14 5 Pe 280 190 200 210 
5 19 5 .26 225 145 160 153: 
6 23 5 pe | 200 130 120 100 
7 9 5 Boe ya 130 125 125 
8 31 5 .16 140 80 70 ye 
9 15 5 39 145 85 90 95 
Average 18.8 5 30 214.4. 1305 133.3 132.7 


RISA, [131 labeled human serum albumin. 


TABLE II.—MESENTERIC ARTERY LIGATION 


(GROUP 2) 


Total RISA Maximum count, X10?__— 
Dog Weight, RISA per 5-12 20 30 60 


No. lbs. tv., pe. lb. Sec. Sec. Sec. Sec. 
1 14 5 30 120 130 140 160 
2 16 5 31 120 130 160 160 
5 16 5 P| 160 145 145 150 
4 15 5 33 115 120 120 125 

Average 15.2 5 a2 128.7. 131.2 141.2 148.7 


TABLE III.—MESENTERIC VEIN LIGATION (GROUP 3) 





Total RISA Maximum count, X10?___. 
Dog Weight, RISA _ per 5-12 20 30 60 
No. ibs. A:0.;9ic. Ub: Sec. Sec. Sec. Sec. 
1 20 5 25 30 100 105 135 
2 15 5 RE 25 75 90 120 
3 19 5 .26 30 90 105 105 
= 13 5 38 20 50 70 75 
Average 16.7 5 30 26.2 78.7 92.5 108.7 


TABLE IV.—SIMULTANEOUS MESENTERIC ARTERY 
AND VEIN LIGATION (GROUP 4) 


Total RISA ~~ Maximum count, X10?___ 
Dog Weight, RISA per 5-12 20 30 60 
No. ibs. tv, pe. 1b. Sec. Sec. Sec. Sec. 
1 21 5 23 50 55 60 60 
2 21 5 23 150 145 140 135 
3 13 5 38 20 25 45 50 
4 17 5 29 20 30 40 50 
5 27 5 18 20 70 80 fi 
Average 19.8 5 .262 52.0 65.0 73.0 74.0 


viously applied for circulation studies in 
congenital heart disease and peripheral vas- 
cular disease. Experiments were devised in 
dogs in an attempt to establish the usefulness 
of such a technique for diagnosis of mesen- 
teric infarction. 


METHOD AND MATERIALS 


Mongrel dogs, weighing 9 to 31 pounds, 
were anesthetized with pentobarbital sodium 
administered intravenously and positioned 


for midline celiotomy. The right external 
jugular vein was cannulated and a poly- 
ethylene catheter was inserted into the 
superior vena cava. ‘The abdomen was 
entered through a midline incision; the 
pedicle of the small bowel mesentery was 
exposed, and the mesenteric artery and 
vein were dissected. The animals were 
divided into the following four groups: 
group 1 (9 dogs) was a control group on 
which a sham operation was performed; 
group 2 (4 dogs) included those in which 
the mesenteric artery was ligated; group 3 
(4 dogs) comprised those in which the me- 
senteric vein was ligated; in group 4 (5 
dogs) both the mesenteric artery and vein 
were ligated simultaneously. After the surgi- 
cal procedure was terminated, the abdomi- 
nal incision was closed in layers. 

Two hours after the operation, each 
animal was placed in a right lateral posi- 
tion, and a scintillation detector with a flai- 
field head attachment was located on the 
side of the abdomen distal to the thoracic 
cage and anterior to the vertebral column 
(Fig. 1). After rapid injection of 5 micro- 
curies of I'*" labeled human serum albumin 
in 5 milliliters of saline via the vena cava 
the ensuing radioactivity of the abdomen 
was traced with a rectilinear recording mil- 
liammeter attached to a precision rate- 
meter. 


RESULTS 


Group 1 (Table I, Fig. 2). As previously 
mentioned, a sham surgical procedure was 


done on these 9 dogs. ‘The average weight of 


the group was 18.8 pounds (9 to 31) and the 
average dose of I'*' labeled human serum 
albumin was .30 microcuries per pound 
(.16 to .55). A precipitous rise of radio- 
activity was noted in 3 to 5 seconds after 
intravenous injection, reaching a_ sharp 
maximum peak in 5 to 12 seconds. This was 
followed by a rapid decrease .of radio- 
activity with a “‘negative”’ notch at 8 to 25 
seconds before reaching equilibrium. 
Group 2 (Table II, Fig. 3). The mesen- 
teric artery was ligated in 4 dogs. The 
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Fic. 6. Comparison of averages in groups | to 4. 


maximum at 17 to 40 seconds after injection 
and maintaining the same level thereafter. 
In the fifth animal the initial rise was more 
rapid, reaching a maximum at 10 seconds 
after I’ labeled human serum albumin 
injection and then leveling off at this 
point. 

The pathologic changes noted after liga- 
tion of the mesenteric vessels were localized 
in the jejunum and ileum to approximately 
5 centimeters from the ileocolic juncture. 
After ligation of the mesenteric artery 
multiple blanched areas and hyperperistalsis 
developed. Almost immediately after the 
mesenteric vein was ligated, the bowel 
turned purple-blue and became distended 
and congested. Upon simultaneous ligation 
of the mesenteric artery and vein, two 
different types of changes were noted. When 
the ligature was tied rapidly, the picture 
was similar to that after mesenteric artery 
occlusion; slower obliteration of the vessels 
caused changes like the mesenteric vein 
occlusion. The vein undoubtedly was ob- 
structed under such circumstances while 
inflow through the mesenteric artery con- 
tinued for an instant. 


COMMENT 

Characteristic radioactivity curves were 
obtained over the abdomen in normal 
animals after rapid intravenous injection of 
a bolus of I’! labeled human serum albu- 
min. The initial peak in such dogs appeared 
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to depend on the rapidity of injection rather 
than on the dose of the radioactive material. 
After the mesenteric artery was ligated, a 
radioactivity rise almost as rapid as in the 
controls was noted, but the initial peak was 
absent. Ligation of the mesenteric vein 
caused a slower radioactivity rise over the 
abdomen than in the previous two groups 
(Fig. 6). It was thus possible to differentiate 
this experimental pathologic condition not 
only from the normal status but from the 
dogs with mesenteric artery ligations as 
well. Upon simultaneous mesenteric artery 
and vein ligation, curves were obtained in 4 
animals similar to those after mesenteric 
vein ligation. One resembled that found 
after mesenteric artery ligation. This differ- 
ence might well be due to the particular 
pathologic condition created as mentioned 
previously. 

The more rapid rise of radioactivity over 
the abdomen after mesenteric artery liga- 
tion than after mesenteric vein ligation was 
difficult to explain. Interposition of the 
bulky congested loops after vein ligation be- 
tween the scintillation counter and normal 
perfused tissues in the latter group is a 
factor. In addition, vasospasm and hypoten- 
sion associated with vein obstruction miglit 
have amplified this phenomenon. At any 
rate it was a consistent finding. ‘The liver, 
spleen, and aortic blood flow did not inter- 
fere with these determinations. 

Due to the simplicity of this test, clinical 
application is warranted. The procedure 
may be done at the patient’s bedside with 
minimal discomfort to him. Whether or not 
such a clear differentiaticn will be possible 
in humans as in the experiment must await 
clinical trial. By improving the diagnostic 
accuracy of mesenteric artery occlusion, 
direct attack on the diseased vessel by cor- 
rective procedures such as embolectomy, 
thrombarterectomy, and graft replacement 
should be feasible in a larger number of pa- 
tients. Restoration of a more physiologic 
status than can be obtained with extensive 
bowel resection should be realized by such 
means. 








Fu 
aidec 
niqui 
pain 
the r 
teric 
degre 
sUMM 

A 
infar 
term 
dogs 





ather 
rial. 
od, a 
1 the 
Was 
vein 
r the 
oups 
tiate 
1 not 
1 the 
IS as 
rtery 
in 4 
teric 
und 
iffer- 
cular 
oned 


over 
liga- 
Was 

the 
1 be- 
rmal 


is a | 
yten- | 


elit 

any 
iver, 
iter- 


ical 
lure 
with 
not 
sible 
Walt 
ystic 
ion, 
cor- 
my, 
lent 
pa- 
OL IC 
sI\ e 


uch 








Absolon et al.: EXPERIMENTAL STUDY OF DIAGNOSIS OF MESENTERIC INFARCTION 62] 


Further documentation such as Derrick’s, 
aided by a simple screening diagnostic tech- 
nique as described, may prove abdominal 
pain and undernutrition of the elderly to be 
the most common manifestation of mesen- 
teric vascular occlusive disease of varying 
degrees amenable to surgical correction. 


SUMMARY 


A new technique to diagnose mesenteric 
infarction was developed. Radioactivity de- 
termination over the abdomen in normal 
dogs showed characteristic curves after 


intravenous injection of I'*' labeled hu- 
man serum albumin. Such curves markedly 
differed from those obtained in dogs after 
mesenteric artery and vein ligation. The 
diagnostic dilemma in mesenteric infarc- 
tion was discussed, and the therapeutic 
implications of improved diagnosis were 
emphasized. 
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INFLUENCE OF RENAL DENERVATION UPON 


RENAL BLOOD FLOW 


J. G. JONTZ, M.D., C. S. SU, M.D., H. B SHUMACKER, JR., M.D., F.A.CS., 


and G. BOUNOUS, M.D., Indianapolis, Indiana 


ONE HUNDRED YEARS AGO Claude Bernard 
observed that section of the splanchnic 
nerves of an anesthetized animal resulted in 
an increased flow of urine. Since then, a 
number of laboratory and clinical investiga- 
tions have been carried out designed to 
elucidate the relationship between innerva- 
tion of the kidney and renal hemodynamics 
and function. The problem has been ap- 
proached by two general methods. Some 
have studied the effect of stimulating the 
renal nerves. The monograph of Trueta and 
his associates deals to a large extent with this 
approach to the problem. Others have con- 
tinued to work along this line. The second 
method is the study of renal hemodynamics 
after acute or chronic renal denervation. 
The present investigation was undertaken 
in order to study the effect of unilateral tho- 
racolumbar sympathectomy and _ splanch- 
nicectomy upon renal blood flow. 


MATERIALS AND METHODS 


Adult healthy mongrel dogs ranging in 
weight from 12 to 17 kilograms were used. 
They were anesthetized by the intravenous 
administration of thiopental sodium. An 
endotracheal tube was passed, and respira- 
tions were maintained with intermittent 
positive pressure oxygen administered by a 
mechanical respirator. An intercostal inci- 
sion through the ninth intercostal space was 
made and the sympathetic chain was mo- 
bilized from the fourth thoracic ganglion 
down to the diaphragm. A muscle-splitting 
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incision was then made just below the costal 
margin, and the dissection was carried retro- 
peritoneally until the lumbar sympathetic 
chain was identified. The thoracolumbar 
sympathetic chain from the fourth thoracic 
ganglion down to and including the fourth 
lumbar ganglion was excised along with the 
greater, lesser, and least splanchnic nerves. 
Studies of renal blood flow were made from 
14 to 21 days later. 

Group 7. In these animals, a modification 
of a method which has proved satisfactory to 
us for the direct measurement of total renal 
blood flow (4) was utilized. The vena cava 





and both renal veins were exposed through 
a right flank incision. The ovarian or sper- 
matic veins were ligated. Umbilical tapes 
were placed about the vena cava both above 
and below the points of entry of the renal 
veins. A No. 14 French catheter was in- 
serted into the left femoral vein and passed 
cephalad in the vena cava until its proximal 
end was a few centimeters above the renal 
vein. This catheter was constructed with 
multiple perforations in its lower portion so 
that when the vena cava was occluded be- 
low the renal vein the infrarenal vena caval 
blood would drain freely into the unob- 
structed suprarenal portion of the inferior 
vena cava. A % inch plastic catheter was 
inserted into the right femoral vein and 
passed cephalad until its proximal end lay in 
the vena cava directly between the two renal 
veins. When the umbilical tapes were tight- 
ened about the vena cava above and below 
the point of entry of the renal veins, blood 
coming from the renal veins flowed freely 
through this catheter into a graduated bu- 
rette. Blood was returned from the burette 
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into the right jugular vein by means of a 
sigmamotor pump which was adjusted so 
that the blood was returned to the body at 
the same rate at which it flowed into the 
burette. Each animal was given 1.5 milli- 
grams per kilogram of heparin intravenous- 
ly prior to the insertion of the catheters. ‘The 
burette and tubing were filled with heparin- 
ized blood from a donor animal before the 
beginning of each experiment. The burette 
was positioned a few centimeters below the 
level of the operating tabie so that the renal 
veins were not collapsed and yet drained 
freely by gravity. By stopping the pump one 
could time the flow of a measured amount 
of blood into the burette and thus calculate 
renal blood flow in cubic centimeters per 
kilogram per minute. Flow from each kid- 
ney was obtained by cross-clamping one of 
the renal veins with a noncrushing vascular 
clamp for a few moments while the flow 
from the other kidney was recorded. By 
utilizing this method, renal blood flow from 
the right and left kidneys of 8 animals was 
measured. All studies were carried out over 
a 30 minute period, and all flow values were 
recorded when the animal’s blood pressure 
was at a normotensive level. Blood pressure 
was measured by means of a mercury man- 
ometer in a femoral artery. The animals 
were sacrificed at the end of the experiment. 

Group 2. In order to obviate the possible 
objection to the method used in group 1, 
namely, the momentary obstruction of blood 
flow through one renal vein, another meth- 
od was utilized. Animals in this group had 
undergone unilateral renal denervation in 
the same manner as previously described. 
They were prepared for measurement of 
renal blood flow in a similar way. A °% inch 
catheter was then inserted into the right 
femoral vein and passed directly into the 
right renal vein. A ligature was placed about 
the vein and the indwelling catheter so that 
all the renal venous blood from that kidney 
drained freely into a burette by gravity (Fig. 
1). Another catheter of the same size was 
inserted into the left jugular vein, passed 
down through the superior vena cava, the 
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Fic. 1. Diagram illustrating method for measuring 
blood flow from each kidney. 


right atrium, and the inferior vena cava into 
the left renal vein. A ligature was similarly 
placed about the vein and the indwelling 
catheter. ‘This catheter permitted drainage 
of the left renal venous blood into a second 
burette. The blood from each burette was 
delivered by pump back into the right jugu- 
lar vein. By using separate burettes simul- 
taneous measurements of renal flow from 
each kidney could be made. All experiments 
were carried out over a period of 30 minutes. 
The animals were sacrificed at the end of the 
procedure. 

There were 15 animals in this group, 8 
with a right and 7 with a left thoracolumbar 
sympathectomy and splanchnicectomy. ‘The 
blood flows were all measured when the ani- 
mals had normal blood pressure. Blood was 
then withdrawn from a femoral artery until 
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TABLE I.—DATA CONCERNING RENAL BLOOD FLOW 
IN THE ANIMALS IN GROUP 1 


Renal blood flow in Renal blood flow in No. of 


State of _c.c./kgm./min.— _per cent of normal. animals 
kidney Range Mean Range Mean _ studied 
Innervated 6.9-14.5 10.0 100 100 8 
Denervated 8.4-19.9 12.4 102-140 124 8 


the mean blood pressure was within the 
range of 60 to 80 millimeters of mercury. 
Studies of renal blood flow were then re- 
peated. In 10 of the animals a more severe 
state of hemorrhagic shock was produced by 
the withdrawal of more blood until the 
blood pressure fell to a level of between 30 
and 50 millimeters of mercury. In 8 of the 
animals in which severe shock was produced, 
blood was returned rapidly to the animal un- 
til the mean blood pressure became normal. 
Renal blood flow studies were then repeated. 

Renal blood flow through the two kid- 
neys was analyzed in two ways. First, the 
flow through each kidney was calculated in 
cubic centimeters per kilogram of body 
weight per minute. Secondly, the flow 
through the normally innervated kidney un- 
der normotensive circumstances was consid- 
ered the normal renal blood flow and all 
other flows in that particular animal were 
considered as a per cent of this control value. 


RESULTS 


In all cases save 1 the denervated kidney 
had the greater blood flow when the animal 
had a blood pressure within the normoten- 
sive range. In all instances in which studies 
were carried out during moderate or severe 
hemorrhagic shock the denervated kidney 
had the greater flow. No appreciable dif- 
ference was noted in flow values with regard 
to which kidney, right or left, had been 
denervated. 

The results in the animals comprising 
group 1 are recorded in Table I. The renal 
blood flow of the normally innervated kid- 
neys ranged from 6.9 to 14.5 cubic centi- 
meters per kilogram per minute and aver- 
aged 10. ‘The renal blood flow of the dener- 
vated kidneys ranged from 8.4 to 19.9 and 
averaged 12.4 cubic centimeter per kilogram 
per minute. The mean flow through the de- 


nervated kidneys was 24 per cent greater 
than that through the normally innervated 
kidneys. 

The results in the animals comprising 
group 2 are recorded in Table II. The re- 
sults of the initial studies under normoten- 
sive conditions were rather similar to those 
obtained in the animals in group 1. The 
renal blood flow of the normally innervated 
kidneys ranged from 4.3 to 16.6 cubic centi- 
meters per kilogram per minute and aver- 
aged 9.6. The blood flow of the denervated 
kidneys was somewhat greater. It ranged 
from 6.5 to 18.3 and averaged 11.1 cubic 
centimeters per kilogram per minute. The 
mean flow of the denervated kidneys was 16 
per cent greater than that through the nor- 
mally innervated kidneys. When these same 
animals were subjected to moderate hemor- 
rhagic shock the difference was increased. 
The innervated kidneys had flows ranging 
from 0.7 to 9.2 and averaged 3.9 cubic centi- 
meters per kilogram per minute. The flows 


through the denervated kidneys varied from | 


2.7 to 12.6, and the mean was 6.8 cubic 
centimeters per kilogram per minute. When 
considered as per cent of the initial blood 
flow of the normal kidney under normoten- 
sive conditions the range of flow of the in- 
nervated kidneys was from 12 to 78 and the 
mean 41 per cent. The range of flow of the 
denervated kidneys was from 45 to 110 and 
the mean 71 per cent. The mean flow 
through the denervated kidneys was almost 
75 per cent greater than that through the 
normal kidneys. 

The 10 dogs subjected to a more severe 
degree of hemorrhagic shock showed a simi- 
lar difference in renal blood flow of the two 
kidneys. The normal kidneys had flows vary- 
ing between 0.1 and 5 and averaged 2.2 
cubic centimeters per kilogram per minute. 
The denervated kidneys had flows ranging 
from 1.7 to 7 and averaged 4 cubic centi- 
meters per kilogram per minute, The initial 


renal blood flow of the normal kidneys of 


these animals under normotensive condi- 
tions averaged 8.9 cubic centimeters per 
kilogram per minute. The mean flow of the 
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normal kidneys under shock conditions was 
23 per cent of this value. That of the de- 
nervated kidneys was 87 per cent greater (43 
per cent). 

The renal blood flows of the two kidneys 
were more nearly the same after normal 
blood pressure was restored in 8 of these ani- 
mals by retransfusion of the blood which 
had been withdrawn. The flows of the nor- 
mal kidneys varied from 5 to 15 and aver- 
aged 10.2 cubic centimeter per kilogram per 
minute. The flows of the denervated kidneys 
ranged from 6.5 to 14.2 and averaged 10.9 
cubic centimeters per kilogram per minute. 
The initial flows of the normal kidneys under 
normotensive conditions in these 8 animals 
averaged 11 cubic centimeters per kilogram 
per minute. The mean flows of the normal 
kidneys after retransfusion were 93 per cent 
of this value and those of the denervated 
kidneys 99 per cent. 


DISCUSSION 


One gains the impression from the data 
recorded in the literature that most investi- 
gators have found no evidence of any sig- 
nificant difference in blood flow through 
normal and denervated kidneys in unanes- 
thetized animals or man. H. W. Smith be- 
lieved that there was no evidence of renal 
denervation hyperemia and increased urine 
flow in the unanesthetized animal. Berne (2), 
using indirect methods, demonstrated no dif- 
ference in blood flow through denervated 
and innervated kidneys of unanesthetized 
animals. Hiatt, who also used indirect meth- 
ods, believed that denervation had no physi- 
ologic effect upon renal blood flow at normal 
and hyperemic levels. ‘Those who have stud- 
ied unanesthetized patients after sympa- 
thetic denervation for essential hypertension 


are in agreement that no significant effect of 


denervation upon renal blood flow was 
demonstrable. 

Some workers, however, have observed 
differences in flow under the stress of anes- 
thesia. Berne (2) found a 13 per cent greater 
plasma flow through the denervated kidneys 


of anesthetized animals. He thought that 
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TABLE II.—DATA CONCERNING RENAL BLOOD FLOW 
IN ANIMALS IN GROUP 2 


Renal blood flow Renal blood flow No. of 
State of _in e.c./kgm./min.. —in per cent of normal_ animals 
kidney Range Mean Range Mean studied 


INITIAL STUDIES UNDER NORMOTENSIVE 
Pe | on 
Innervated 4.3-16.6 9.6 100 100 15 
Denervated 6.5-18.3 11.1 96-196 116 15 


STUDIES DURING MODERATE SHOCK_— — 








Innervated 0.7- 9.2 3.9 12-78 41 15 
Denervated 2.7-12.6 6.8 45-110 71 15 

mes STUDIES DURING SEVERE SHOCK_______ 
Innervated 0.1-5 2.2 1.5-43 23 10 
Denervated 1.7-7 4 19-60 43 10 

STUDIES UNDER NORMOTENSIVE CONDITIONS 

—__ AFTER RETRANSFUSION— ae 
Innervated 5 -15 10.2 44-109 93 8 
Denervated 6.5-14.2 10.9 70-118 99 8 


this difference was statistically significant. 
When Berne and Levy (3) studied renal blood 
flow by indirect methods in animals sub- 
jected to acute reduction of cardiac output, 
they observed no difference in flow through 
innervated and denervated kidneys, which 
they believed could not be ascribed to anes- 
thesia. Selkurt believed that no appreciable 
difference in blood flow was evident through 
innervated and denervated kidneys other 
than that due to extraneous nervous influ- 
ences when he studied by direct flow meth- 
ods the renal blood flow of dogs subjected to 
gradually decreasing levels of aortic pres- 
sure. Rodrigues and Adriao demonstrated 
marked dilatation of renal capillary vessels 
as the result of both acute and chronic de- 
nervation. In man, Corcoran and his associ- 
ates and Southworth found that caudal, 
spinal, and extradural anesthesia may bring 
about an increase in flow as measured by 
indirect methods. 

Our experiments would tend to show that 
the denervated dog’s kidney has somewhat 
greater blood flow than the normal under 
the stress of anesthesia. When the stress of 
hemorrhagic shock is added, this difference 
in flow is markedly increased. ‘The mean 
flow of the denervated kidney of the dogs in 
severe hemorrhagic shock was nearly twice 
as great as that of the normal. Little differ- 
ence in flow was noted after retransfusion. 
The latter observation may be dependent 
upon the inability of the denervated kidney 
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to undergo arteriolar dilatation, a phenome- 
non described by Spencer. 

The fact that differences in renal flow in 
our experiments were in general more clear- 
cut than those observed by certain others 
may be related to two things. In the first 
place, our animals were subjected to com- 
plete unilateral sympathectomy and splanch- 
nicectomy, while in most of the other animal 
experiments renal denervation was attempt- 
ed by regional and probably inadequate 
sympathectomy, by stripping of the renal 
vessels, freeing of the renal pedicle, and by 
infiltration of the renal pedicle with anes- 
thetic agents or alcohol. In the second place, 
we utilized a method of direct measurement 
of renal blood flow, while many who have 
inquired into this problem have used indirect 
methods. That indirect methods may not be 
entirely satisfactory under certain circum- 
stances has been pointed out by Study and 
Shipley and by Kottke and Kubicek. 

Our work would lead us to conclude that 
the normal dog under the stress of anesthesia 
and, more particularly, the stress of hemor- 
rhagic shock has a greater blood flow through 
the denervated kidney than the normal one. 


SUMMARY 


By using direct methods for measuring 
differentially the renal blood flow of the two 
kidneys, greater flow was observed through 
the kidney denervated by previous extensive 
sympathectomy and splanchnicectomy. The 
difference was exaggerated when to the 


May 1960 


stress of anesthesia was added the stress of} 
moderate or severe hemorrhagic shock. 
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EDITORIALS 





THE SELECTION OF A PROFESSOR 


I. RIDGEWAY TRIMBLE, M.D., F.A.C.S., Baltimore, Maryland 


A PLEA is made for broader consideration 
before selecting a person to fill a responsible 
teaching assignment, especially in the selec- 
tion of those who are to head the various 
clinical departments of a medical school. 
The first criterion in the choice of a teacher 
in a college or a university is likely to be, as 
Charles G. Osgood of Princeton so well 
described, ‘‘not whether he has the human- 
istic passion, nor whether he has a Credo, 
but whether he is an expert in some narrow 
field, and is making it known to the world 
in print.” 

A narrow field, of course, implies special- 
ization, and it is useless to blame or deplore 
specialization. It has of necessity come to 
stay; the fields of knowledge have become so 
many and so wide. However, specialization 
and true humanistic teaching are not in- 
compatible, but one must bear in mind the 
further statement of Professor Osgood: 
“What must be remembered is that the 
human mind has no greater capacity for 
knowledge than it ever had. If it fills itself 
with highly specialized knowledge in a 
narrow field, it limits to that field its com- 
petence to judge or generalize, and that 
field contains but a very small holding in the 
wide realm of the whole truth. The actual 
effect—the deleterious effect upon the 
specialist—may be twofold. Either knowing 
right well how hard it is to gain a bit of 
exact knowledge even in a narrow field, the 
specialist modestly feels himself incompetent 
to judge in the larger fields of life and dis- 
claims any authority or conviction in mat- 
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ters moral or spiritual. Or, as in certain 
known instances, the vanity of his expert- 
ness vaunteth itself; he believes that his 
recognized authority in one narrow com- 
partment of knowledge qualifies him to 
utter judgment in the transcendent ranges 
of the human spirit. ‘he very cocksureness 
of his unripe oracles often impresses, or de- 
presses or perverts the immature under- 
graduate mind. In either case the true 
human balance is wanting.”’ 

It is of primary importance that the in- 
dividual who is selected for the responsible 
teaching assignment be an expert in his cho- 
sen field or work. It is of equal importance 
that he not “‘scatter his shots” and divert his 
abilities into too many fields of endeavor. 

He should, however, have demonstrated a 
willingness to participate in the prosaic as 
well as the esoteric. He must be ready to 
cope with problems dealing with closer re- 
lationships between the faculty and the or- 
dinary physicians, with problems of the 
social aspects of medicine. He must not shun 
these responsibilities by withdrawing into 
his laboratory behind the safety of 17- 
ketosteroid estimations. He have 
certain inherent qualities of *“‘*command,” 
including a natural dignity, modesty, and 
quiet force. Of great advantage is an ability 
to meet people easily, to show a willingness 
to respect their ideas, to have a native cheer- 
fulness or friendliness, and a sense of humor. 
Above all, anyone having so much control 
over the destinies of young people should 
have a magnanimity of spirit. 


should 








THE CAUSE OF DEATH IN ACUTE 


OBSTRUCTION 


INTESTINAL 


JACOB FINE, M.D., F.A.C.S., Boston, Massachusetts 


IN THE SIMPLEST FORM of acute obstruction 
of the small intestine fluids pour into the gut 
from the liver, pancreas, stomach, and en- 
teric mucosa. These together with un- 
digested solids, swallowed air, and locally 
generated gases rapidly raise the intra- 
luminal tension, because the absorptive ca- 
pacity of the mucosa proximal to the block 
is exceeded. The result is periumbilical 
colic, nausea, and vomiting. The effective- 
ness of the vomiting in reducing the pres- 
sure varies considerably, but it is seldom 
enough to prevent the persisting increase in 
pressure from impeding venous return. Con- 
sequently, the bowel wall at and above the 
site of obstruction becomes swollen and con- 
gested, with a resulting loss of fluid from the 
circulation into the lumen. 

In the average case the first major de- 
velopment is a state of negative fluid and 
electrolyte balance. If the obstruction is 
correctly diagnosed and promptly dealt 
with by appropriate surgery, and by restor- 
ing fluid and electrolyte balance, there is a 
quick and successful end to the disorder. If 
perchance a closed loop obstruction is 


present but unrecognized, delay will prove 


disastrous because progressive interference 
with blood flow by the unrelieved and rising 
pressure within the loop will result in rapid 
devitalization, with perforation and _ peri- 
tonitis. But even in the usual case in which 
there is a proximal vent, the process going 
on in the loops immediately proximal to the 
block is equivalent to that produced by a 
tourniquet applied above normal venous 
pressure. Unless the intraluminal pressure is 
reduced to or below venous pressure by 
clearance of fluid and gas in these loops, the 
damage to the bowel wall will continue, 
and get worse. Tube suction often succeeds 


in lowering pressure, but it frequently [ails 
to do so adequately, so that the congested 
bowel remains overdistended and eventu- 
ally becomes atonic. Unless the obstruction 
is relieved, the patient’s general state will 
deteriorate progressively. Even if perfora- 
tion and peritonitis do not develop, such 
patients are prone to slip with apparent 
suddenness into profound shock. 

When shock develops, and the question 
arises as to whether it is because of failure 
adequately to correct the fluid and elec- 
trolyte deficit, it is well to remember that a 
plasma loss also occurs in obstruction, and 
that the plasma deficit may be severe. If 
this loss has also been corrected, and fluid 
volume deficit is not the cause of the shock, 
then endotoxins from gram negative in- 
testinal bacteria are likely to be the cause of 
the shock, even in the absence of an overt 
infectious process. 

A good example of essentially the same 
type of toxic shock occurs in some patients 
shortly after reduction of a hernia contain- 
ing strangulated bowel. In this situation a 
damaged loop of gut may be released and 
restored to the peritoneal cavity without 
resection because the surgeon judges the 
loop to be viable. The shock which develops 
soon thereafter may kill in the absence of 
significant fluid loss. The postmortem ex- 
amination may disclose nothing more than 
a congested loop of bowel, with or without 
some hemorrhagic extravasation, and a 
small amount of serous or hemorrhagic 
transudate in the peritoneal cavity. In the 
experimental animal one can readily simu- 
late what is going on in this patient simply 
by obstructing venous return from a loop 
of small bowel. This will cause fatal shock 
and death within 24 hours. The damaged 
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loop at death is heavy with blood and fluid. 
The loop may be necrotic and perforated. 
Even when it is not, the death is just about 
as rapid. Blood and fluid therapy do no 
significant good. But an effective antibiotic, 
whether put into the loop or the adjacent 
peritoneal cavity at the time of occluding 
the venous return, will prevent necrosis, 
shock, and death even if the blood and 
fluid lost into the loop are not replaced. 
Therefore, it is correct to ascribe the shock 
and death to bacterial activity at the site of 
impaired circulation. 

Another related type of shock occurs when 
the superior mesenteric artery is occluded 
for some 30 to 60 minutes. Within an hour 
or two after release of the occlusion, the 
animal goes into deep shock and dies, in 
most instances, within a few hours. If the 
tissues are examined no gross pathology is 
seen except some swelling of the gut. Release 
of the ligature after 30 to 60 minutes is more 
rapidly fatal than if the ligature is not re- 
moved at all. This fact demonstrates that 
release of the ligature allows a lethal factor 
to flood the circulation. An antibiotic can 
prevent the shock and death. Therefore, 
the lethal shock-producing factor which 
enters the circulation must be of bacterial 
origin. The reason for the flooding is faster 
absorption of endotoxins owing to the vascu- 
lar injury. 

These experimental observations provide 
support for the need of prompt surgical in- 
tervention for mesenteric thrombosis or 
acute occlusion of the superior mesenteric 
artery. Many patients with these disorders 
die before the vascular injury has resulted 
in irreversible devitalization of the gut. The 
same is true of acute intestinal obstruction 
in which the vascular lesion is also the 
primary feature of the disorder. The threat 
of endotoxic shock should create a sense of 
urgency, and should lead to earlier interven- 
tion than is often practiced. Hence it is 
necessary to repeat what Leland McKit- 
trick has been saying for so many years: “‘If 
the obstruction is of less than 24 hours’ 
duration there is no room for delay of sur- 
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gery.” I believe the same is true for acute 
obstruction of more than 24 hours’ dura- 
tion. While the Miller-Abbott tube is a 
valuable adjunct to surgery, reliance upon 
it as the sole instrument in the hope that 
surgery may be avoided, or as the instru- 
ment of preference for obstruction of more 
than 24 hours’ duration, can be disastrous. 
Reliance on the tube in acute obstruction of 
the small intestine is particularly treacher- 
ous. 

The thesis that a bacterial factor is a 
major hazard in acute intestinal obstruction 
is not new. During the 1930’s especially, 
this thesis received serious attention from 
numerous investigators. But it did not gain 
acceptance because of the disappointing 
results of the research then undertaken. 
Efforts to establish a significant role for the 
intestinal bacteria in most instances con- 
sisted of an experimental study of the con- 
sequences of intravenous injection of intes- 
tinal contents, or of extravasated perito- 
neal fluid, into healthy recipients. Either 
nothing happened, or death occurred with- 
out signposts as to the cause of death. Re- 
liance on the response of healthy recip- 
ients to disclose the presence of a lethal 
toxin derived from the gut was in retrospect 
likely to fail, for the healthy animal has a 
substantial detoxifying potential, while the 
victim of obstruction may be progressively 
failing in this respect. Beginning with the 
work of Poth in the late 1940’s, the evidence 
for the important role of bacteria came from 
the clearly protective effect achieved by 
sulfonamides and later by antibiotics. Even 
so, there is widespread resistance to the ac- 
ceptance of a bacterial factor operating to 
produce death in acute intestinal obstruc- 
tion, because it is generally held that bac- 
terial toxins derived from the ordinary in- 
testinal flora do not get into the circulation. 
Since bacteremia is a rare finding in ob- 
struction, so the thinking goes, there is little 
disposition to believe that, in the absence of 
peritonitis, the shock preceding death can 
be due to bacterial action. Recently, how- 
ever, evidence for the absorption of endo- 
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toxins from the gut has been receiving the 
attention of investigators. ‘There is difficulty 
in getting such evidence because of the in- 
adequacy of the techniques employed, es- 
pecially for the detection of endotoxins in 
the blood or tissues. But evidence of recent 
date,’ by utilizing immunologic techniques 
for identification of endotoxins of intestinal 
bacteria, indicates that endotoxins do get 
into the blood from the gut in both normal 
and disease states. ‘The host’s response to 
such toxins may be weak or absent if the 
general defense potential of the patient has 
been damaged. In that case, an endotox- 
emia may develop and cause a rapidly fatal 
collapse of the peripheral circulation. 

More observations along these lines are 
needed to establish the claim for endotox- 


1This evidence is being obtained in my laboratory and will 
be published shortly. 


emia as a cause of fatal shock in acute in- 
testinal obstruction. If this evidence is posi- 
tive, the place for antibiotics as an adjuvant 
to surgery for obstruction becomes even 
stronger. But such therapy, like that for the 
fluid and electrolyte loss, cannot be con- 
sidered more than secondary to surgery. ‘Ihe 
best protection against bacterial toxins is not 
antibiotic therapy but surgical treatment of 
the vascular lesion. By delaying surgery, the 
success of resection and anastomosis be- 
comes increasingly doubtful. The fact is 
that some surgeons, like some internists and 
general practitioners, are sometimes dila- 
tory in resorting to surgery because they are 
not sufficiently aware of the danger these 
patients are in, and having waited too long, 
they may lose the patient because of the 
general as well as the local deterioration 
that has occurred. 
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THE SURGEON AT WORK 





A LONG SUMP FOR OPERATIVE 
DECOMPRESSION OF OBSTRUCTED BOWEL 


B. EISEMAN, M.D., F.A.C.S., T. EARLEY, M.D., T. BARTLEY, M.D., and 


FIELDS PAINTER, Denver, Colorado 


AT THE TIME of laparotomy performed to relieve 
intestinal obstruction, it frequently is desirable 
to decompress the dilated bowel proximal to its 
point of obstruction. A 62 centimeter semirigid 
plastic sucker sump is described which has been 
employed at laparotomy to deflate the entire 
length of proximal small bowel. 

The sump consists of an outer semirigid tube, 
12 millimeters (?4 inch) in outside diameter, 6 
millimeters (14 inch) in inside diameter, and 62 
centimeters (24 inches) long (Fig. 1). It is made 
of teflon, a plastic that can be autoclaved, is 
sufficiently rigid to permit threading it into long 
segments of bowel and yet is sufficiently mobile 
and smooth so as not to perforate distended 
loops of gut. The distal end is perforated with 12 
holes, 5 millimeters in diameter, spaced circum- 
ferentially throughout the terminal 14 centi- 

From the Department of Surgery, University of Colorado 


School of Medicine and Denver Veterans Administration Hos- 
ital, Denver. 
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Fic. 1. Long plastic sump showing fenestrated tip. 
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meters of the tube. This outer sump is large 
enough to admit freely a No. 16 plastic Levin 
tube into its lumen. 

At laparotomy a convenient point is chosen 
for insertion of the tube into the lumen of the 
distended bowel. If enterectomy is required, the 
long sump can be inserted through the open 
bowel. If not, the sump can be introduced 
through a purse-string suture, with the tip of the 
Levin tube placed immediately beneath the 
perforations. While constant suction is applied 
to the Levin tube, the long plastic perforated 
sump and its contained sucker is advanced into 
the distended bowel. If bowel contents clog the 
sucker, it can be removed and emptied while the 
plastic sump is left in place. As the bowel col- 
lapses, it is threaded on the long plastic sump in 
accordionlike pleats until the entire gut lies as 
though skewered on the sump (Fig. 2). Because 
of the length of the sump this procedure does not 
necessitate a great deal of manipulation of the 
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Fic. 2. Operative decompression of long segment of 
distended intestine utilizing sump with ensheathed Levin 
tube operating as a sucker. 
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bowel. When all of the bowel is decompressed, 
the sump is removed, the purse-string suture is 
tied, and the area is reinforced with 3 or 4 in- 
terrupted silk sutures. 

Open decompression of distended loops of 
bowel at operation is a common technique but 
is usually only partially successful when per- 
formed with the ordinary short surgical sucker, 
as used by Barnes, or by needle aspiration, as 
advocated by Eske. Such decompression of the 
abdomen facilitates laparotomy closure, im- 
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proves respiration, restores muscular tone to the 
bowel, and improves the blood supply of the 
distended gut. The technique which has been de. 
scribed has proved to be helpful in the opera. 
tive decompression of such distended segment 
of bowel. 
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THE USEFUL SPLENIC ARTERY 


JOSEPHUS C. LUKE, M.D., F.R.C.S., F.A.C.S., Montreal, Canada 


[HE SPLENIC ARTERY is the only one in the body 
that can be employed as an effective autograft. 
This fact has been appreciated for many years 
and, prior to the use of homografts and plastic 
cloth arteries, the splenic had been used on a 
few occasions to replace arteries in distant loca- 
tions. However, the added extensive operation 
necessary to obtain this autograft has militated 
against its value. 

The usefulness of the splenic artery in replac- 
ing stenosed or aneurysmal vessels in the ab- 
domen is described herein. ‘This autogenous ar- 
tery is to be preferred to all other types of grafts 
because of the decrease in immediate technical 
difficulties but particularly because of the ab- 
sence of the late complications inherent in the 
use of small caliber homografts and plastic cloth 
grafts. Fortunately, an individual is not too 
greatly in need of a spleen and, consequently, 
sacrifice of this organ means but little. In prepar- 
ing the splenic artery for an arterial shunt, the 
spleen can be removed, as was done in the first 
2 cases, or the artery can be detached from the 
splenic pedicle and the organ otherwise be left 
intact. This latter procedure has been employed 
in the 4 subsequent cases. The isolated spleen 
apparently survives without its main blood sup- 
ply, presumably because of adequate collateral 
circulation entering through the various liga- 
mentous attachments. None of the patients with 
the isolated spleen showed any clinical or labora- 
tory evidence of abdominal or hematopoietic 
derangements. 


ANEURYSMS 

The caliber of the splenic artery is too small 
to allow adequate replacement of the flew into 
the abdominal aorta. Its use in aortic aneurysms 
below the level of the renal arteries is unneces- 


sary, as the technique of excision and grafting of 


these aneurysms has now become standardized. 
However, in the aortic aneurysm in which the 
origin of the renal arteries is also involved, the 
splenic artery can be advantageously used to 
revascularize one kidney before aortic excision 


From the Surgical Service, Royal Victoria Hospital, Montreal. 
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and nephrectomy or anastomosis of the graft to 
the opposite kidney is carried out. In this tech- 
nique at least one kidney is ensured of a good 
blood supply with only a short initial interrup- 
tion. 

With increasing awareness and particularly 
with the widespread use of aortography, more 
and more aneurysms of the major branches of 
the abdominal aorta are being discovered. For 
instance, one third of all reported renal artery 
aneurysms have appeared since 1951, according 
to Glazer and Lombardo. Poutasse described 12 
cases, 6 of which showed the typical signet ring 
appearance on the plain roentgenogram. Nesbit 
and Coenshaw believe that only 25 per cent of 
renal artery aneurysms show this signet ring 
calcification. Harrow and Sloane have collected 
180 cases of all types of renal artery aneurysms 
and state that there is no definite history of rup- 
ture of the calcific type. They report 24 cases in 
which rupture of the noncalcific type occurred 
with 20 deaths. 

Renal artery aneurysms are almost invariably 
treated by nephrectomy, but it is much more 
ideal to preserve this relatively normal kidney 
by excision of the aneurysm and restoration of 
normal flow with a splenic artery shunt. ‘The 
only contraindication to this renal preservation 
is the presence of the aneurysm in the renal 
pedicle, allowing no adequate distal artery for 
the shunt attachment. 

Common hepatic artery aneurysms are some- 
what less common, but Hansbrough and Lipin 
have collected a series of 111 cases. Twelve of 
these patients have been treated surgically but 
none until the case that follows had been man- 
aged with a splenic artery shunt and excision of 
the aneurysm. The methods employed in the 
previously described cases have included liga- 
tion, wiring, endoaneurysmorrhaphy, excision, 
and cellophane wrapping. Ligation and ex- 
cision are logical if the aneurysm is proximal to 
and not interfering with the gastroduodenal 
branch, as this artery is adequate, through 
retrograde flow by way of the collateral channels 
about the pancreatic head, to extend sufficient 
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blood into the distal hepatic artery to arterialize 
the liver. However, hepatic artery aneurysms 
are usually fusiform, and it is rare that the gas- 
troduodenal branch will be spared. Total in- 
terruption of the hepatic artery with reliance 
upon the other collaterals is begging for liver 
necrosis. 


Case 1. A male, aged 59 years, was admitted to the 
Royal Victoria Hospital on 10 March 1959 with a 5 
year history of epigastric distress and episodes sugges- 
tive of biliary colic. A nonfunctioning gallbladder was 
found by roentgenography. The patient’s blood pres- 
sure was 180/105 millimeters of mercury and _ his 
blood cholesterol level was 191. Cholecystectomy and 
appendectomy were performed for a chronically in- 
flamed gallbladder containing stones. At this opera- 
tion an aneurysm of the common hepatic artery 
measuring 6 by 8 by 4 centimeters was discovered. 
Reoperation was carried out on 25 March when the 
aneurysm was explored further and found to arise 2 
centimeters from the aortic origin of the common 
hepatic artery. The right gastric and gastroduodenal 
arteries arose from the aneurysm which showed 
marked bulging and thinness of its ventral wall. ‘The 
pulsation of the distal stub of the hepatic artery was 
feeble. The splenic artery was mobilized from the 
spleen, leaving the latter intact. Dissection of this 
artery was carried medially to the aorta, and the left 
gastroepiploic and pancreatic branches were ligated. 
The splenic artery was then swung to the right and 
anastomosed end-to-end to the distal stub of the 
hepatic artery about 2.5 centimeters from the hilus of 
the liver. A small but total area of thrombus had to be 
removed from the distal hepatic artery before anas- 
tomosis. The aneurysm was excised after proximal 
ligation of the hepatic artery close to the aorta. Good 
pulsation of the shunt and distal hepatic artery was 
observed. The patient’s convalescence was unevent- 
ful. No change in liver function tests occurred subse- 
quent to this second operation. The postoperative 
cholesterol level was 161. 


Aneurysms close to the origin of the superior 
mesenteric artery can be dealt with in exactly 
the same manner as was the common hepatic 
aneurysm just discussed. Any of these aneu- 
rysms, if technical difficulties exist in their ex- 
cision, can be left in situ after proximal and 
distal ligation and splenic artery bypass. Splenic 
artery aneurysms need not enter into this dis- 
cussion, as ligation with or without excision is 
adequate treatment. 


OCCLUSIVE ARTERIAL DISEASE 


Acute superior mesenteric artery occlusion 
usually occurs as the result of atherosclerotic 
disease and, rarely, embolism involving the first 
inch of this artery. If thrombosis distal to the 
initial occlusion occurs, gangrene of the bowel 


develops rapidly, and intestinal resection is re. 
quired. Various isolated reports have appeared 
in which the initial occlusion has been success. 
fully removed by embolectomy or thromboend- 
arterectomy and followed by restoration of 
intestinal circulation. It is suggested that bypass 
of this occluded area by employing the splenic 
artery would be safer and simpler. ‘The anas- 
tomosis to the mesenteric artery can be per- 
formed with greater ease below the inferior bor- 
der of the pancreas. 

The condition in which splenic artery shunt 
will find its greatest use is in stenotic lesions of 
the renal artery that give rise to arterial hyper- 
tension. Many varieues of renal artery stenosis 
exist, mainly intrinsic but occasionally extrinsic. 
Atherosclerotic plaques are far and away the 
greatest single cause. Because of improved 
methods of investigation, more and more cases 
of Goldblatt kidney are being discovered and, 
rather than nephrectomy of this relatively nor- 
mal kidney, many of them can be revascularized 
by employing the splenic artery with consequent 
relief of the hypertension. Particularly is this in- 
dicated if there is any evidence of bilateral renal 
artery stenosis, in which case one kidney can be 
removed and the other revascularized. 

In the past year our “renal team”’ has in- 
vestigated 18 cases in which renal artery stenosis 
was a possible cause of hypertension. Eight pa- 
tients were found to meet the criteria and were 
treated surgically. Three patients required 
nephrectomy because the arterial lesions were 
too adjacent to the kidney pedicle for revascu- 
larization to be feasible. Five patients were 
treated by revascularization employing the 
detached splenic artery. 

There are three diagnostic tests upon which 
most reliance is placed in establishing a diagno- 
sis of renal artery stenosis. Brust and Ferris de- 
scribed the response of the blood pressure to an 
intravenous dose of 400 milligrams of tetra- 
ethylammonium chloride in cases of renal artery 
stenosis. A stable or slight rise in the blood pres- 
sure in the subsequent 20 minutes is a positive 
response. In other types of arterial hypertension, 
a marked fall occurs. This test is given on an out- 
patient basis and, if response is positive, the pa- 
tient is admitted for further investigation. Renal 
excretion tests with catheters in each ureter are 
carried out by the urologist. These studies must 
be most carefully made to be of value. In the 
patient on a previous diet high in sodium, the 
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excretion studies are positive by the Howard test 
if one kidney reveals a 15 per cent or more de- 
crease in sodium excretion and a 50 per cent 
drop in water output in comparison to the op- 
posite kidney. Aortography is then performed to 
sive direct visualization of the renal arteries. 
Originally, aortography was performed by the 
usual translumbar needle technique but has 
recently been changed to the Seldinger method. 
This latter technique consists of introducing a 
special catheter percutaneously into the femoral 
artery and directing it cephalad to just above the 
renal arteries. The catheter tip allows spraying 
of the contrast medium in all directions into the 
aortic stream and, with this proper diffusion, a 
more complete flow into both renal arteries is 
possible. The former translumbar needle tech- 
nique gave inconstant renal artery filling since 
the medium was poorly mixed with the aortic 
blood because of the single opening and single 
direction of the needle tip. 


OPERATIVE TECHNIQUE 


The operative approach to the spleen, if the 
best possible exposure is desired, is through a 
thoracoabdominal incision at the eighth or ninth 
interspace with the patient in a 45 degree lateral 
position. The incision is extended into the ab- 
domen, ending below and to the left of the um- 
bilicus. The spleen is fully visualized and the 
splenic artery can be easily identified and de- 
tached just proximal to its division into the vari- 
ous splenic hilar branches. In the dissection of 
the splenic artery proximally toward the aorta, 
the left gastroepiploic artery is encountered and 
various small pancreatic branches require liga- 
tion. If the splenic artery is to be transplanted 
into the left renal artery this exposure is ade- 
quate (Fig. 1). The kidney is exposed by shifting 
the splenic flexure and descending colon medi- 
ally. The renal vessels are readily cleaned and 
the renal artery lesion is confirmed by the pres- 
ence of a poststenotic dilatation, a thrill, and 
palpation of the offending lesion. 

When the splenic artery is to be swung to the 
right of the midline, simultaneous exposure of 
the spleen and the right sided lesion becomes 
more difficult. A complete transverse incision 
just below the costal margin with an upward 
curve toward the xiphoid process gives adequate 
exposure of the entire upper part of the ab- 
domen. In lesions on the right side the splenic 
artery must be dissected completely to its aortic 
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Fic. 1. Cases 2 and 3. End-to-end splenic to renal ar- 
terial anastomosis after excision of the diseased portion 
of the renal artery. 


origin to give adequate length. To reach the 
right renal artery, a tunnel is constructed ventral 
to the inferior vena cava, passing dorsal to the 
head of the pancreas to emerge at the upper 
border of its neck. In this area, the firm tissue of 
the celiac ganglion must be penetrated so as to 
draw the splenic artery into the tunnel. In this 
manner, the length of the splenic artery will be 
quite adequate to reach the right renal artery 
without tension. When the superior mesenteric 
or common hepatic arteries are to be replaced, 
this tunnelling is unnecessary. 

The anastomosis performed can be either end- 
to-end or end-to-side. In aneurysm replacement 
the anastomosis is preferably end-to-end after 
excision of the aneurysm. When the splenic, 
hepatic, or renal arteries are clamped and cut, 
their caliber decreases to a relatively small size 
and end-to-end anastomosis should be performed 
with the vessels cut on the bias to allow as wide 
a lumen as possible. In renal artery stenosis, if 
there is a relatively good flow in the narrowed 
renal artery, the preferred technique is to 
utilize an end-to-side splenic to renal arterial 
anastomosis (Fig. 3) distal to the obstruction, 
thereby greatly augmenting the existing flow. 
This end-to-side anastomosis is frequently 
facilitated by the existence of an area of post- 
stenotic dilatation in the renal artery. 


Case 2. A male, aged 51 years, was admitted to the 
Royal Victoria Hospital complaining of dizziness, 
headache, and blurred vision. It was known that he 
had been hypertensive for 12 years, and he had been 
admitted twice previously for investigation of this 








636 


Bie 





Fic. 2. Case 5. Percutaneous aortogram revealing 
stenosis of the left renal artery with poststenotic dilata- 
tion. 


condition. His blood pressure in the hospital ranged 
from 170/100 to 220/130 millimeters of mercury and 
response to antihypertensive drugs was poor. The urine 
was normal, although the patient had had two attacks 
of painless hematuria in the weeks preceding admis- 
sion. The nonprotein nitrogen was 24 and the 17- 
ketosteroids were normal, but the corticoids were ele- 
vated. The intravenous pyelogram reading was nor- 
mal, and differential excretion studies showed de- 
creased phenolsulfonphthalein excretion from the left 
kidney. On the other hand, the creatinine clearance 
was better on the left than on the right. The etamon 
test showed a rise in blood pressure over a 10 minute 
period. An aortogram showed a poststenotic dilatation 
in the left renal artery. 

The spleen and kidney were approached by a thor- 
acoabdominal incision on 3 June, and a hard arterio- 
sclerotic plaque was found in the left renal artery 
three-quarters of an inch from the aorta. A well 
marked poststenotic dilatation was present with a 
thrill. The spleen was removed and the splenic artery 
was dissected free. Arteriosclerotic plaques were also 
found in this artery which had to be cut back until a 
proper sized lumen was obtained. The involved sec- 
tion of the renal artery was removed and an end-to- 
end splenic to distal renal arterial anastomosis per- 
formed. The renal blood flow was interrupted for 17 
minutes. 

Postoperatively the patient had an immediate im- 
provement in vision and also relief of his former symp- 
toms. The blood pressure varied from 160/100 to 
120/80 millimeters of mercury. After discharge it rose 
to 180/110 millimeters of mercury, but now responds 
well to small doses of antihypertensive drugs and the 
patient is symptom-free. 

Case 3. A male, aged 55 years, was admitted to the 
Royal Victoria Hospital on 8 July 1958 complaining 
of symptoms suggestive of disc disease with sciatic 
pain. The blood pressure was 230/160 millimeters of 
mercury. The urine showed a moderate number of 
hvaline casts and the blood nonprotein nitrogen was 
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26. The patient had grade 3 hypertensive retinopathy 
on the right and grade 2 on the left. The Howard test 
showed marked decrease in water and sodium excre- 
tion from the left kidney. The creatinine clearance 
and phenolsulfonphthalein excretion were also de- 
creased on the left. The etamon test showed an initial 
drop but rose well above the preinjection level in the 
latter part of the test. A lumbar aortogram revealed a 
well marked poststenotic dilatation in the left renal 
artery. Operation was performed on 10 July 1958, 
again through a thoracoabdominal incision. Sple- 
nectomy, resection of the involved renal artery, and 
end-to-end splenic to renal arterial anastomosis were 
performed. Postoperatively the patient’s blood pres- 
sure varied from 118/70 to 140/100 millimeters of 
mercury. 

He was readmitted for assessment on 1 October 
1958 with a blood pressure reading of 145/85 milli- 
meters of mercury. The nonprotein nitrogen was 21, 
the intravenous pyelogram was normal, and differ- 
ential excretion studies were now all normal for 
sodium, water, and phenolsulfonphthalein. It was 
noted that there was a marked improvement in the 
patient’s fundi. 

Case 4. A male, aged 47 years, was admitted to the 
Royal Victoria Hospital on 7 October 1958. He was 
discovered to have had hypertension 13 years pre- 
viously but had no related symptoms. The urine 
showed a trace of albumin and occasional hyaline and 
granular casts. The blood pressure varied in the hos- 
pital from 140/90 to 200/110 millimeters of mercury. 
Excretion studies showed decreased phenolsulfon- 
phthalein from the left kidney and decreased waiter 
and sodium excretion in comparison to the right 
kidney. The etamon test produced a drop in systolic 
pressure but a slight rise in the diastolic. On the basis 
of findings from this test the patient did not fit into the 
group with renal artery stenosis. Aortography was 
performed on 3 occasions and each time showed de- 
creased filling of the left renal artery in comparison 
to the right. The nephrogram showed less density and 





more delay in function on the left than the right. No 
definite stenosis of the left renal artery could be seen 
but the aortorenal junction was not clearly visualized. 
No poststenotic dilatation was seen. On the basis of 
the differential excretion studies plus the suggestive | 
arteriogram, operation was performed on 23 October 
through a thoracoabdominal incision. The splenic 
and renal arteries were smaller than normal and went 
into intense spasm when handled. Despite a thrill in 
the renal artery no areas of stenosis could be demon- 
strated to the aortic junction. Ihe splenic artery was 
detached from the spleen, leaving the latter in situ 
and was anastomosed end-to-side to the distal renal 
artery just proximal to its bifurcation. 

Postoperatively the blood pressure varied from 
110/70 to 190/100 millimeters of mercury and, since 
the patient’s discharge, has remained slightly lower 
than in the preoperative state. 

Case 5. A male, aged 36 years, was admitted to the 
Royal Victoria Hospital on 15 October 1958 com- 
plaining of headache, pounding in the chest, and 
buzzing in the right ear for the past 3 months. The 
blood pressure was 220/140 millimeters of mercury. 
The intravenous pyelogram was normal and showed 
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equal sized kidney shadows. The fundi were grade 2. 
An aortogram revealed a very large poststenotic dila- 
tation involving the left renal artery (Fig. 2) suffi- 
ciently large to resemble an aneurysm. With this 
positive finding, differential excretion studies and the 
etamon test did not appear necessary, and operation 
was performed on 20 October 1958. Through a left 
thoracoabdominal incision the splenic artery was de- 
tached from the spleen and brought down and anas- 
tomosed end-to-side to the very large poststenotic 
dilatation in the left renal artery (Fig. 3). This dilated 
portion occupied over half the length of the renal 
artery and extended up to the point of its bifurcation, 
making an end-to-end splenic to renal arterial anas- 
tomosis impossible. A hard plaque was present in 
the renal artery about 2 centimeters from its origin 
and a marked thrill was present in the poststenotic 
portion. : 

Postoperatively the patient’s symptoms immediately 
disappeared and his blood pressure progressively 
lowered from 160/104 millimeters of mercury on the 
first day to 124/80 on the sixth. He has been symp- 
tom-free and normotensive since. 

Case 6. A female, aged 40 years, was admitted to 
the Royal Victoria Hospital on 17 January 1959. She 
had been aware of hypertension since the age of 18, 
with blood pressure ranging from 200/120 to 240/140 
millimeters of mercury. She had sought advice at vari- 
ous centers in the past and had been labelled as an 
essential hypertensive. In May 1957 she suffered from 
a mild stroke from which she recovered and in April 
1958 had an attack of congestive heart failure. Her 
present complaints consisted of throbbing headache, 
blurring of vision, and episodes of nausea and vomit- 
ing. 

Investigations revealed normal nonprotein nitrogen 
and blood sugar levels. Cholesterol reading was 211. 
No abnormal findings were present in the urine. The 
clectrocardiogram was normal and the fundi revealed 
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Fic. 4. 


Fic. 3. Cases 4, 5, and 6. End-to-side splenic to renal 
arterial anastomosis augmenting the flow in the stenosed 
renal artery. 

Fic. 4. Case 6. Seldinger aortographic teclinique show- 
ing right renal artery stenosis at the aortic origin. 


grade 2 changes. The etamon test revealed no fall in 
blood pressure in 20 minutes. ‘The Howard test showed 
a marked decrease in sodium, water, creatinine clear- 
ance, and phenolsulfonphthalein excretion from the 
right kidney in comparison to the left. Aortography 
carried out by the Seldinger technique showed both 
renal arteries to be smaller in caliber than usual but 
with definite stenosis at the aortic origin of the right 
(Fig. 4). 

Operation was carried out on 3 February through a 
long transverse incision. Detachment of the splenic 
artery from the spleen and its transference to the 
right, according to the technique previously men- 
tioned, were performed. An end-to-side anastomosis 
was carried out with the right renal artery in its por- 
tion extending to the right of the vena cava. The pa- 
tient was discharged on 15 February with a blood 
pressure reading of 150/90 millimeters of mercury. 
Since the patient’s return home, the headaches have 
disappeared, her vision has improved, and she reports 
herself as feeling much improved. 


SUMMARY AND CONCLUSIONS 


1. The splenic artery is an ideal autograft for 
use in replacing other major abdominal aortic 
branches at the site of occlusive arterial disease 
or aneurysm formation. The splenic artery can 
be obtained by splenectomy or, preferably, by 
detaching it from the splenic pedicle without 
splenectomy. 

2. When dissected to its aortic origin, the 
splenic artery can be swung to the right to re- 
place the common hepatic or right renal ar- 
teries. The superior mesenteric and left renal 
arteries are readily reached. End-to-end or end- 
to-side anastomosis can be performed by either 
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excising or bypassing the particular lesion con- 2 eS woe ft ee TE 
cerned. 81: 27. ; 

3. Six cases are described in which this tech- 3. Hanssrouch, E. T., and Lipiy, R. J. Hepatic artery RE 
nique was employed, in 1 to replace an aneu- pe wo mente EE ENC EON. TA erg, 
rysm of the common hepatic artery and in 5 to 4. Harrow, B. R., and Stoang, J. A. Aneurysm of the 
revascularize the kidney in cases of arterial hy- renal artery; report of 5 cases. J. Urol., Balt., 1959, CEE 
pertension, the result of the Goldblatt mecha- 5. ohn R. M., and Coensuaw, W. B. A report ™ 
nism. In 4 the procedure was carried out on the upon ancurysm of the renal artery. J. Urol., Balt., 
left side and in 1 on the right. 6 Ss 75: 380. p ; petal eee 

- Pourasse, _ Renal eee. — es Div 
enwnnnnces eae eer repair of renal artery. J. Urol., 1957, ait 
1. Brust, A. A. and Ferris, E. B. The diagnostic ap- 7. Sevpincer, S. I. Catheter replacement of the needle of r 

proach to hypertension due to unilateral kidney dis- in percutaneous arteriography. Acta radiol., Stockh., 

ease. Ann. Int. M., 1957, 47: 1049. 1953, 39: 368. prot 
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TECHNIQUE OF SPHINCTEROPLASTY IN 


RECURRENT PANCREATITIS 


GEORGE L. NARDI, M.D., F.A.C.S., Boston, Massachusetts 


Division of the sphincter of Oddi is a currently 
accepted procedure in the surgical management 
of recurrent pancreatitis. ‘The technique of the 
procedure is, however, far from standardized, 
and this lack may account for some therapeutic 
failures. 

The procedure has for its objective the per- 
manent relief of any obstruction, organic or 
spastic, to the outflow of pancreatic secretions. A 
simple 14 centimeter slit of the ampulla may, on 
occasion, provide the desired result but fre- 
quently will not relieve any obstruction and may 
even restenose, according to Brown and co- 
workers. 

Jones and associates have stressed the impor- 
tance of performing a sphincteroplasty rather 
than a sphincterotomy, with complete unroofing 
of the intraduodenal portion of the common 


From the Department of Surgery of the Harvard Medical 
School at the Massachusetts General Hospital, Boston. 


a 





Fic. 1. 


duct and a careful mucosa to mucosa suture of 
choledochal and duodenal epithelium. The de- 
sirability of carrying out such a complete sphinc- 
teroplasty is well supported by the anatomic 
studies of Boyden. Incomplete division of the 
muscles proximal to the papilla by a simple 
limited sphincterotomy may leave many muscle 
bundles intact to continue an obstructive role on 
both biliary and pancreatic ducts, regardless of 
whether a common channel, the ampulla of 
Vater, is present or not. In order to guarantee 
proper biliary and pancreatic drainage, a com- 
plete section of this muscle should be carried out, 
that is, a sphincteroplasty. 

Performance of this more extensive procedure 
is not without hazard, since the longer incision 
in the intramural portion of the common bile 
duct can easily result in duodenal perforation 
into the lesser omental sac. To obviate this 
hazard it is of the utmost importance to secure a 


Fic. 1. The grooved dilator in use. 
Vic. 2. The honed and serrated forceps in use. 
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careful and thorough approximation of biliary 
and duodenal mucosa, particularly at the apex 
of the incision. 

The technique utilized is a combination of the 
sphincteroplasty of Jones and associates plus the 
additional pancreatic duct exploration advo- 
cated by Bartlett and McDermott. By grooving 
the terminal portion and olive of a set of Bake’s 
dilators there is readily available an instrument 
upon which a knife blade or the blade of a pair 
of scissors can be inserted as a guide for the safe 
and accurate division of the sphincter muscle 
(Fig. 1). 

Once the initial incision is made, specially de- 
signed mosquito forceps whose blades have been 
honed down laterally and with the jaw serrations 
grooved longitudinally (Fig. 2) can be inserted 
easily and safely into the common duct and divi- 


sion carried further in steps. Sutures of No. 5-0 
chromic catgut are then inserted around the 
jaws of the snaps before their removal, thus 
guaranteeing accurate mucosal approximation 
and insuring against a potentially disastrous 
leak. 
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Reviews of New Books 


THE VERY SUCCINCT REPORT Cancer in Families! deals 
with the occurrence of cancer within family groups, 
i.e., the distribution of the disease among relatives of a 
person who has cancer as compared to its incidence 
among relatives of a person who does not have 
cancer. While the frequency of cancer in families has 
been studied by a number of other observers, the vari- 
ations in conclusions from such efforts stimulated 
these authors to conduct a double survey. The 
original study was planned to determine whether 
or not cancer of the breast occurred with unusual fre- 
quency among the female relatives of a woman in 
whom the disease had developed in this site. The 
frequency of cancer in sites other than the breast was 
also determined. After this information had been 
collected, the authors decided that the occurrence 
of the disease in the male relative should be studied, 
thereby shifting the emphasis from breast cancer to 
cancer in all sites. 

The study population was composed of two groups 
of families, one in which a living white proband had 
cancer of the breast, and the other in which a living 
proband did not have cancer. ‘Iwo generations were 
interrogated, that of the probands and that of the 
parents of the probands. Experienced field workers 
interviewed 200 probands and also as many of their 
relatives in each generation as possible. The informa- 
tion which was obtained from these individuals was 
augmented by information from physicians, hospitals, 
bureaus of vital statistics, undertakers, and officials 
of cemeteries in the area around the city of Phila- 
delphia. 

Despite the fact that there are an admittedly large 
number of difficulties involved in securing accurate 
information upon the familial aggregation of a disease, 
the reported data appear to be valid as the study 
population was investigated twice. On the second 
survey, the roster of names of females was checked 
and names previously omitted plus the male members 
of the families were added. This gave opportunity to 
measure the. completeness of reporting females in the 
first survey. The cancer probands were white women, 
between the ages of 40 and 65, who had been ad- 
mitted to any of 28 hospitals in Philadelphia and 


ICANCER IN FamiLies; A STUDY OF THE RELATIVES OF 200 
Breast CANCER Propanps. By Douglas P. Murphy, M.D., and 
Helen Abbey, Sc.D. 76 pages. $2.50. Cambridge, Mass.: 
Published for the Commonwealth Fund by Harvard University 
Press, 1959, 
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surrounding towns for treatment of cancer of the 
breast during the 5 years immediately prior to the 
start of the study. The control probands were living 
white women who were between the ages of 40 and 65 
whose names were taken from the files of the Insti- 
tute’s School of Dentistry of the University of 
Pennsylvania. ‘They were individuals who were ad- 
mitted to the clinic during the same years in which the 
cancer probands had applied for hospital treatment. 
In no case did a control proband report having had 
cancer. 

The study revealed no statistical differences be- 
tween the relatives of the cancer and control probands 
with respect to the frequency of cancer in any specific 
site including the breast; in the same site in mother 
and daughter, in all sites; in either generation; in the 
number of cases of cancer in the family group; in 
daughters of cancerous and noncancerous mothers; 
and in sons of cancerous and noncancerous fathers. 
The authors concluded that if a familial tendency to 
develop cancer did exist, it was not large enough to be 
detected in a study of this size. 

The data reported in this work have been scruti- 
nized as closely as possible in order to detect any bias 
which might have made its way into the report. It was 
concluded that the control and study populations 
were such that any differences which might be found 
between them would be real differences, and not the 
result of any bias in either the selection of the controls 
or the collection of the information. In those instances 
in which there was a statistically significant difference 
between the cancer and control groups with respect 
to the frequency of cancer, it was found in the more 
remote rather than in the closer relationships to the 
proband, and the higher frequencies of the disease 
appeared in the control rather than in the cancer 
groups. Such findings do not constitute evidence of 
any familial tendencies. The best explanation is that 
they were occasional chance differences which the 
significance test criteria label as statistically signifi- 
cant. 

There is little question but that this is a very objec- 
tive report and should be read by all clinicians and 
investigators who express an interest in this problem. 
Certainly for those who have a “‘subjective feeling”’ 
with regard to the hereditary aspects of malignant 
disease, the objectivity of this report should facilitate 
the clarification of unsubstantiated conclusions. 

— Walter W. Carroll. 
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THE Book Basic Surgery” has been written almost en- 
tirely by a small group of surgeons in London, each an 
authority in his field. ‘The editor is a neurosurgeon. 
It is an unusual textbook for undergraduate students 
because the usual chapters on pathology and the other 
basic sciences in their relation to surgery have been 
omitted. The individual sections vary somewhat in 
style and degree of excellence, but, generally, each 
subject is covered thoroughly. More operative surgery 
has been included, perhaps, than the undergraduate 
student need know. 

This is an excellent work of reference for one at any 
level in the profession, but in spite of the editor’s 
statement that it has been written primarily for under- 
graduates it would seem more suitable for graduate 
students and residents, including those preparing for 
the higher examinations. — Robert M. Janes. 


IN THE SECOND EDITION of the authoritative text An 
Atlas of Normal Radiographic Anatomy,’ the author has 
made many improvements. Several techniques are 
described for measuring deviations from normal 
skeletal anatomy, and this continues to be an out- 
standing feature. ‘The chapter on growth and develop- 
ment is particularly well done and includes a great 
deal of useful information relating to the pelvis and 
dislocated hips in children. ‘The anatomy of the brain 
is beautifully demonstrated by ventriculographic and 
arteriographic methods. ‘The author, an expert in the 
field of anatomy of the spine, has thoroughly covered 
this subject in a manner which will be very helpful to 
all physicians dealing with problems of the back. 
There are also new sections dealing with angiocardio- 
graphic and angiographic demonstrations of the 
anatomy of the circulatory system. The sections on 
bronchographic and gastrointestinal anatomy are 
characteristically complete and accurate. 

There are so many outstanding features in this book 
that it is difficult to find points for adverse criticism. 
The section dealing with x-ray protection is necessar- 
ily brief, and one wonders whether it is wise to attempt 
to cover such a subject, albeit an important one, in a 
book on anatomy. Some of the illustrations would 
have been improved if the quality of the roentgeno- 
grams had been better and if they had not been re- 
produced by the Log-etronic method. No mention is 
made of the retrograde aortographic studies of the 
anatomy of the aortic valve regions and coronary 
arterial circulation. 

The excellent features of this book make it a ‘‘ must” 
for anatomy teachers, roentgenologists, and other 
physicians who have to deal with anatomy as depicted 
in roentgenograms. The scope of the anatomic ma- 
terial included will make this a daily reference in 
radiology departments in which residents are being 
trained. The book will also be of great value to all 


2Basic SuRGERY. Edited by Leslie Oliver, M.B., B.S. (Lond.), 
F.R.C.S. (Eng.), F.A.C.S. 1359 pages, 680 illustrations includ- 
ing 4 color plates. $26.50. Springfield, I].: Charles C Thomas, 
1959. 

3An AtLas oF NorMAL RapioGRApuic ANATOMY. By Isadore 
Meschan, M.A., M.D. Assisted by R. M. F. Farrer-Meschan, 
M.B., B.S. (Melbourne, Australia), M.D. 2nd ed. 759 pages, 
1466 illustrations. $16.00. Philadelphia and London: W. B. 
Saunders Co., 1959. 


physicians who must have knowledge of the roent- 
genographic anatomy for use in diagnosis. 
—Sidney W. Nelson. 


THE FIRST EDITION of the book Roentgendiagnostik des 
Magen-Darmkanals* by R. Prévét and M. A. Lassrich 
comprises much of the work previously published 
under the title Grundriss Roentgenologie des Magen- 
Darmkanals. This book is intended primarily for those 
interested in gastroenterology but should not fail to 
attract the attention of surgeons and internists alike, 

The book clearly describes the technique of roent- 
genologic examination of the gastrointestinal tract 
and compares the various opaque media generall, 
employed. The esophagus, stomach, duodenum, small 
intestine, and gallbladder are all covered in indi- 
vidual chapters and in many instances the clinical 
findings are detailed and a photograph of the appro- 
priate surgical specimen is included. Obviously, in a 
book of this nature, the quality of the illustrations is of 
prime importance and in this respect the work cer- 
tainly excels. Every conceivable disease of the gastro- 
intestinal tract is depicted and many of the excellent 
plates illustrate the varying roentgenographic ap- 
pearances of different disease processes while others 
show some of the more uncommon lesions, such «as 
tuberculosis of the colon. One such plate demonstrates 
simultaneously a tumor of the stomach and hepatic 
and splenic flexures of the colon. Pediatric problems 
are not omitted and are well covered. 

There is much in this book to interest the diagnos- 
tician and a great deal can be learned without a pro- 
found knowledge of the German language. 

— Ronald H. Hayward. 

As IN YEARS PAST, the excellent volume of Collected 
Papers of the Mayo Clinic and the Mayo Foundation® contains 
a comprehensive selection which should be of inter- 
est to the general practitioner as well as the specialist. 
The first 12 papers are devoted to heart surgery and 
extracorporeal circulation. The outstanding achieve- 
ments which are recorded exemplify the emphasis 
that has been placed on research by the Mayo Clinic, 
and serve to point out the results obtained with a 
comprehensive research program. 

In the section on the alimentary tract, reflux esoph- 
agitis and its correction by the operation devised by 
Ellis would appear, at present, to be a worthy con- 
tribution. The controversial subject of pancreatitis 
is covered in some detail, and although one may not 
agree with the conclusions relative to the pathologic 
mechanisms, there is a wealth of stimulating material 
in this section. The review of carcinoma in situ of the 
cervix in the chapter on genitourinary disease is re- 
markable. Another topic which should be of interest 
is the review of the significance and treatment of the 

4ROENTGENDIAGNOSTIK DES MAGEN-DaRMKANALS. By Prof. Dr. 
R. Prévét and Priv.-Doz. Dr. M. A. Lassrich. 346 pages, 544 
illustrations. $18.30. Stuttgart: Georg Thieme Verlag, 1959. 

5COLLECTED PAPERS OF THE Mayo CLINIC AND THE Mayo 
FounpatTion. Editorial Staff: Carl M. Gambill, A.B., M.D., 
M.P.H., James R. Eckman, A.B., M.A., Ph.D., M. Katharine 
Smith, B.A., Florence L. Schmidt, B.S.E., George G. Stilwell, 
A.B., M.D., and Guy Whitehead, B.A., M.A., Ph.D. Compiled 
by George G. Stilwell, A.B., M.D. Vol. 50—1958. 791 pages, 
illustrated. $13.00. Philadelphia and London: W. B. Saunders 
Co., 1959. 
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prostatic nodule, which clearly points out the pitfalls 
in arriving at a Clinical diagnosis based simply upon 
the degree of induration of a prostatic nodule palpated 
at rectal examination. 

The section on Ductless Glands reflects the chang- 
ing therapy of disorders of the thyroid gland, as well 
as other endocrine abnormalities. The rationale of 
performing only a lobectomy for papillary carcinoma 
of the thyroid gland in the absence of nodal metastases 
is supported by extensive experience. The paper on 
Primary Hypo-Parathyroidism by Randall and King 
should stimulate recognition of this disease when 
the usual clinical manifestations are entirely lacking. 

The surgeon as well as the hematologist will find 
a great deal of interest in the section on Blood and 
Circulatory Organs. Particularly interesting is the 
Surgical Aspects of Hypersplenism by Ferris. Surgical 
Therapy of Occlusive Peripheral Atherosclerosis by 
Estes paints a rather pessimistic view of the long term 
results of therapy in this field. This pessimistic view 
does not parallel the experience in other centers in 
which brilliant original contributions have been re- 
ported in the management of occlusive disease. Estes’ 
report is based upon 250 grafts, with 70 to 80 per 
cent successful results. Homografts apparently were 
being used at the time of publication of this paper. 


Homografts have since been abandoned in favor of 


synthetic prostheses, as well as endarterectomy, by 
practically all surgeons in this field. With these latter 
methods, good, long term results have been reported. 

In the section on the Head, ‘Trunk, and Extremities, 
the work on cosmetic correction of severe mandibular 
retrusion is excellent. 

Several interesting topics are discussed in the sec- 
tion on the Thorax, including the ruptured dia- 
phragm, pulmonary infarctions, and disseminated 
indeterminate pulmonary disease. Pulmonary Resec- 
tion of Mineral Oil Granulomas is of special surgical 
interest, as is the report on Pulmonary Resection for 
Metastatic —Tumor. This latter paper should en- 
courage the removal of metastatic tumors in patients 


who would otherwise be doomed. The subject of 


Physiologic Considerations and the Diagnosis and 
rreatment of Ventilatory Insufficiency is concise and 
interesting. 

The report of Management of Acute Injuries of the 
Head contains many practical points which may be 
life-saving if utilized by any general surgeon. All 
surgeons should be familiar with the points stressed 
relative to the management of head injuries, espe- 
cially in children. 

This volume is as valuable as the “‘ Collected Papers” 
of the past. The illustrations and arrangement of sub- 
ject matter are superior and clearly show the wisdom 
of having an editorial section devoted solely to the 
organizing and gathering of material for publication. 

—Lucius D. Hill. 


BasED MAINLY UPON his own experience, Grewe gives 
in a short, clear, and precise form directions for han- 
dling surgical emergencies in the newborn, infants, and 
children.6 He covers general surgical, urologic, and 

‘DRINGLICHE Currurcte Bem SauGcLinc uND Kinp. By Doz. 


Dr. Dr. H.-E. Grewe. 189 pages, 60 illustrations. $5.95. Stutt- 
gart: Georg Thieme Verglag, 1959. 


orthopedic procedures, emphasizing the practical as- 
pects in management rather than theoretic consid- 
erations. 

In part A, the newborn period is discussed and its 
surgical conditions subdivided according to body 
regions, such as the head, neck, and chest. Part B is 
concerned with infancy and childhood. Emphasis is 
put on differential diagnosis and indications or con- 
traindications for surgery varying with age and othe: 
factors. For each surgical condition pertinent data 
are presented as to age incidence, important symp- 
toms and signs, and diagnostic aids for confirmation 
or exclusion. A short plan for management is usually 
outlined, considering preoperative measures, the type 
of surgical procedure, and postoperative care. Direc- 
tions are given regarding the use of antibiotics, fluid 
restoration, nourishment, the type of anesthesia, and 
its practical application in each condition. The tech- 
nique of the surgical procedure is described indicating 
the preferable site of the skin incision and enumer- 
ating the sequence of operative steps. Often one or 
more alternatives are given for situations when the 
surgeon finds himself confronted with an unexpected 
pathologic condition during surgery. Valuable prac- 
tical points are brought out in respect to peculiarities 
in childhood and infant surgery. 

In a separate chapter anesthesia in general in the 
different age groups is summarized and dosages are 
given. Artificial feeding, fluid and electrolyte manage- 
ment, antibiotics, and shock are also reported upon 
in a summarizing form. 

The author mentions in this short book more than 
45 times a‘‘do not,”’ where general surgical considera- 
tions alone and common sense in lack of special 
knowledge might lead to an action which has proved 
to be contraindicated in childhood. On the other 
hand, there are at least 40 clear cut ‘‘ musts,”’ impli- 
cating almost absolute indications. 

The book appears to be an aid of considerable prac- 
tical value for the general surgeon who deals with 
pediatric surgery, as well as for the resident in sur- 
gical training. It may also be considered a valuable 
guide for the general practitioner in coping with 
emergencies in children, infants, and newborns. 


— Johannes L. Leonhardt. 


THE VoLuMmE of Pediatric Neurosurgery’ edited by Jack- 
son and Thompson brings realization to the fact that 
neurologic surgery in the infant and child is becoming 
a prominent subspecialty of neurosurgery, isolated to 
a degree from that of adult neurosurgery. Similar to 
most modern books on surgery or other major sub- 
jects, this volume consists of a series of monographs 
written by 24 authors. All phases of pediatric neuro- 
logic surgery are included. The introductory chapters 
by the editors are well written and emphasize that 
pediatric neurosurgery is a distinct specialty. The 
chapter on preoperative and postoperative care 
merits careful study. Many points are brought out 
which one who works mainly with adults might 
neglect in treating children. Congenital malforma- 


7PeptaTRic NeurosurGERY. Edited by Ira J. Jackson, M.D., 
M.Sc., F.A.C.S., F.A.C.A., and Raymond K. Thompson, 
M.D., F.A.C.S. 564 pages, illustrated. $16.50. Springfield, Ill: 
Charles C Thomas, 1959, 
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tions are briefly, but well, covered. Surgery of hydro- 
cephalus is likewise descriptively written and in- 
cludes an analysis of all accepted methods in the 
surgical treatment. Vascular malformations are dis- 
cussed in detail, including diagnostic and therapeutic 
measures. The chapter on tumors, intracranial and 
cranial, constitutes a classic monograph, which alone 
makes the volume worthy of owning and studying. 
The reviewer thoroughly enjoyed the book and be- 
lieves that it is a welcome and worthy addition to 
neurosurgical literature. Perhaps, if criticism were 
to be made of the book, the only one would be that 
the individualistic styles of the various authors might 


be modified to conform to a more uniform style, if 


this could be done without losing the individual 
thinking and reasoning. — David Cleveland. 


THERE ARE 212 paGEs in the little book entitled Open 
Reduction of Common Fractures’ involving the upper and 
lower extremities. The first 38 pages are devoted to 
the principles of open reduction and this is an excellent 
section for the student as well as the postgraduate 
student, surgeon, and orthopedic surgeon. The prin- 
ciples are described in detail with attention given to 
the care of soft tissues and bone. 

The book is divided into two sections—fractures 
of the upper extremity and fractures of the lower 
extremity. ‘he indications for surgery are outlined. 
The surgical approach is presented and, in many 
instances, illustrated with line drawings, and the 
technique of the operation is given in detail in each 
case. There is a short section at the end of each 
procedure relating the pitfalls and precautions which 
accompany each open reduction. 

The book is an excellent little manual and will be 
of particular value to the general surgeon as well as 
to those in the training programs in orthopedic and 
general surgery. — William A, Larmon. 


THE FIFTH EDITION of the time-honored text of Or- 
thopaedic Surgery® offers the reader the benefits of the 
author’s long experience at the University of Edin- 
burgh. ‘The fifth edition contains 1,075 pages com- 
pared to the 1,016 pages of the previous edition. 

This book is intended primarily for the medical 
student, intern, and resident. As in the past, however, 
the contents have been arranged on a pathologic 
rather than an anatomic basis. This arrangement 
makes it difficult for the young reader to use the text 
as a reference. The index often is not useful in lo- 
cating material. For the advanced student in ortho- 
pedic surgery, the limited bibliography usually leaves 
something to be desired. 

As in most texts, statements or inferences are made 
with which a reader may be dissatisfied. For exam- 
ple, in the section devoted to so-called osteoclastoma, 
giant cell tumor, the variants such as aneurysmal bone 


8OpEN Rebuction OF Common Fractures. By Oscar P. Hamp- 
ton, Jr.. M.D., F.A.C.S., and William T. Fitts, Jr., M.D., 
F.A.C.S. 212 pages, 72 illustrations. $8.75. New York and Lon- 
don: Grune & Stratton, 1959. 

SORTHOPAEDIC SurGERY. By Sir Walter Mercer, M.B., Ch.B. 
(Edin.), M.Ch.Orth.(Liv.) (Hon.), F.R.C.S.(Hon.), F.R.C.S. 
(Eng.) (Hon.), F.C.S.So.Af.(Hon.), F.R.S.(Edin.). 5th ed. 1075 
pages, 422 illustrations. $12.00. Baltimore: The Williams & 
Wilkins Co., 1959. 





cysts still are not clearly separated, and roentgen 
therapy is advocated as the treatment of choice, 
There is now evidence that such treatment converts 
some benign giant cell tumors to malignant lesions; 
and, in my opinion, it is to be avoided. The text 
still tells of excising the sacralized transverse process 
of a transitional fifth lumbar vertebra and of using 
silver wire in arthrodesis of the elbow. Both the sur- 
gical procedure for the back and use of the metal 
advocated for the wire have become antiquated. 
With most of Sir Walter’s teachings, I am in com- 
plete agreement; and he presents them in an easy, 
readable style. He and his colleagues are to be con- 
gratulated upon the fifth edition of this text which is 
rapidly becoming a classic. There are very few Eng- 
lish-speaking orthopedic surgeons under the age of (\) 
years who have not used one edition or another of 
this text to study for board or fellowship examina- 
tions. —Paul R. Lipscomh. 


A BEAUTIFUL LITTLE VOLUME entitled The Physiolog) 
and Treatment of Peptic Ulcer is a worthy tribute wo 
Lester R. Dragstedt to whom it is dedicated on the 
occasion of his retirement. It is written by 12 of his 
former students or clinical associates including in- 
ternists and a radiologist, as well as surgeons, and is 
edited by J. Garrott Allen. The first part of the book 
deals with basic gastric physiology and the abnor- 
malities responsible for ulcer formation. The authors 
have blended skillfully the descriptions of classic 
experiments with the clinical correlations and les- 
sons. Unusually clear line drawings effectively supple- 
ment the written text and increase the pleasure of 
the reader. Another pleasing aspect of the volume is 
that the various contributors have obviously read 
each other’s chapters and, thus, not only have avoided 
needless repetition but also have created a type o! 
continuity not ordinarily found in volumes with mul- 
tiple authorship. 

A splendid chapter on “X-ray Diagnosis and 
Treatment of Peptic Ulcer” gives full details of the 
apparatus used and techniques employed, including a 
full page on how to prepare a palatable barium mix- 
ture. This reviewer knows several radiologists who 
should learn the formula! Various types of ulceration 
are excellently shown in numerous illustrations. A 
brief resumé of results after x-ray treatment of pa- 


tients with gastric or duodenal ulcer omits details of 


the methods by which patients were selected and does 
not comment on the propriety of fairly heavy abdomi- 
nal irradiation, 1,650 roentgens, for a benign ulcer. 
In a later chapter, one paragraph is devoted to irradi- 
ation of the stomach and it is stated that harmful 
effects have not been observed.’ 

Surgeons will be particularly interested in chapters 
dealing with the rationale of various operations. 
evaluation of results after vagotomy and _ gastro- 
enterostomy for duodenal ulcer in a series of 724 
patients from the University of Chicago, and _ the 
continuing controversy over medical versus surgical 
treatment of the small gastric ulcer. In the preface 
it is stated that ““No attempt has been made to 

10THE PHysioLoGy AND TREATMENT OF Peptic Utcer. By J 
Garrott Allen, Editor and collaborators. 236 pages, illustrated. 
$7.50. Chicago: The University of Chicago Press, 1959. 
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” 


reconcile differing points of view. .. .” and instead 

. the authors have been encouraged to present 
their own viewpoints.” Most surgeons will favor the 
view of the author who advises that “‘ The vast ma- 
jority of proved chronic gastric ulcers should receive 
prompt surgical therapy.” Conversely, most surgeons 
will politely disagree with the author who states: 
“Nevertheless, using the available modern diagnostic 
procedures, the accuracy of differentiation between 
benign and malignant gastric ulcer should be greater 
than 98 per cent”; and will regard accuracy of this 
order a hope for the future rather than an accom- 
plishment of the present! 

Other noteworthy features of the book are the 
development of the concept that “*. . . gastric ulcer 
is caused by excessive gastric secretion due to antrum 
hyperfunction from stasis of food’’; a quotation from 
Dr. Dragstedt on ‘‘What Would I Do If I Had an 
Ulcer?”? which should be required reading for all 
surgeons who operate upon the stomach, irrespective 
of their current views; and useful bibliographies at 
the end of many of the chapters. The thoroughness 
with which the literature has been searched is perhaps 
best exemplified by reference No. 64 in Chapter 2, 
in which Paige, L. (Satchel), cited by J. J. Hobson, 
Memphis Medical Journal, 1957, 32: 273, is quoted for 
his rules on how to stay young, and which, the book 
states, are equally applicable to those who wish to 
avoid the development of an ulcer: “(1) Avoid fried 
meats which angry up the blood. (2) If your stomach 
disputes you, lie down and pacify it with cool 
thoughts. (3) Keep the juices flowing by jangling 
around gently as you move. (4) Go very light on the 
vices, such as carrying on in society. ‘The social ram- 
ble ain’t restful. (5) Avoid running at all times. (6) 
Don’t look back. Something might be gaining on 
you.” —Stanley O. Hoerr. 


ONE OF THE PHENOMENA of the midtwentieth century 
is the international symposium, the organizers of 
which have access to financial resources outstripping 
those of the average university or professional society. 
The protocol of such gatherings varies only in minor 
details, such as the nature of the transcript of the pro- 
ceedings. The present volume of Roentgens, Rads, and 
Riddles“ is an edited version of the stenotype record 
of a conversation, in 1956, among 75 roentgenologists 
and scientists interested in supervoltage radiation 
therapy. According to the Editors, ‘‘Speakers were 
specifically advised that we were not interested in new 
research or in gathering facts but rather in bringing 
together the opinion of a diverse body of experience.” 
In spite of this admonition, the text contains a con- 
siderable amount of factual material and some in- 
teresting reports on research in radiation therapy. The 
approximately verbatim nature of the record makes it 
difficult for the reader readily to distinguish between 
opinion and fact, with the result that one closes the 
book with a feeling of confusion. Unfortunately, the 

NROENTGENS, Raps, AND Rippies. A Symposium on Super- 
voltage Radiation Therapy, held at the Medical Division, Oak 
Ridge Institute of Nuclear Studies, July 15, 16, 17, and 18, 1956. 
Edited by Milton Friedman, M.D., Marshall Brucer, M.D., and 
Elizabeth Anderson, U. S. Atomic Energy Commission. 495 


pages, illustrated. $3.50 (paper bound). Washington: U. S. 
Government Printing Office, 1959. 


Editors chose not to provide an index, thus, increas- 
ing the reader’s difficulties. This reviewer devoted a 
considerable effort to Roentgens, Rads and Riddles in 
the preparation of these comments, but found himself 
unable to present a satisfactory summary of the sym- 
posium. The experts agreed that supervoltage radia- 
tion therapy was less damaging to the skin than con- 
ventional 250 kilovolts peak x-rays. A greater depth 
dose can be achieved; and, given suitable devices for 
directing the beam of radiation, injury to healthy tis- 
sue can be reduced. A great deal of ingenuity, effort, 
and money has been devoted to the construction and 
operation of supervoltage apparatus; but there has not 
been the improvement in the rate of cure of cancer 
which was anticipated by its early proponents. 

Since the book contains a variety of opinions on 
each of these points, the reader is free to draw his own 
conclusions about the present status and the future 
importance of multimillion volt x-ray machines and 
of large cobalt 60 sources. It is difficult to judge the 
significance of the transcript of a symposium of this 
sort. It is the kind of thing that is read once and dis- 
carded, like a newspaper or a popular periodical. In 
spite of the eminence of many of the participants, the 
volume is neither a textbook, nor a reference work, 
nor a monograph. One suspects that the gentlemen 
who attended the symposium got a great deal more 
out of it than will the average reader of the record. 


—George V. LeRoy. 


THE FOURTH EDITION of the textbook Experimental 
Surgery has maintained the excellency of the previous 
editions and has been enhanced by the addition of the 
pertinent advances made in the areas included in its 
subject material. The more important new material 
that has been added deals with the prostate gland, 
hypothermia, experimental surgery of the central 
nervous system, vascular surgery, and transplantation 
of tissue. There are also minor alterations dispersed 
throughout the book, indicating that the authors are 
keeping the material up to date. The value of the 
addition of the two veterinary authors is again attested 
to in this edition. The print and illustrations are 
excellent. The recommendations for this textbook are 
succinctly summed up in the closing sentence of the 
foreword by T. Lloyd Jones, ‘‘ Experimental Surgery 
will be treasured alike by the busy specialist needing 
a reference book of information—established and new 
—and by those fortunate enough to be engaged in 
endeavors involving collaboration between workers in 
human medicine and veterinary medicine.” 

The foreword also contains the sentence: ‘* Experi- 
mental surgery is physiology, as created by the tools 
of the surgeon.” This reviewer emphatically does not 
agree with this statement. Experimental surgery is 
much more important than just another tool for 
physiology, even though it has been of extraordinary 
value in this regard. It is a discipline in its own right. 
Primarily, it is the art of surgery. It embraces many 


12EXPERIMENTAL SURGERY; INCLUDING SURGICAL PHYSIOLOGY 
By J. Markowitz, M.B.E., M.B.(Tor.), Ph.D., M.S. in Exp. 
Surg.(Minn.), J. Archibald, D.V.M., M.V.Sc., Dr. Med. Vet 
(Giessen), M.R.C.V.S., and H. G. Downie, D.V.M., M.S. 
(Cornell), M.V.Sc. 4th ed. 931 pages, 580 illustrations. $12.50. 
Baltimore: The Williams & Wilkins Co., 1959. 
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objectives pertaining only to it, such as: (1) to afford 
opportunity to the surgeon and veterinarian for 
acquiring surgical technique, (2) to develop new 
surgical procedures, (3) to serve as a surgical tool in 
physiologic and pathologic research. The reason for 
the exploitation of experimental surgery as physiology 
resides in the fact that its employment has been so 
productive as a tool in physiologic research. It should 
be emphasized in this regard that operation comes 
first and the accuracy of the physiologic data and the 
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conclusions based upon them depends upon. the 
accuracy of the surgical technique employed. ‘There 
would probably be a measurably fewer number | 
research publications if this fact had been recognized 
and adhered to. Above all, a laboratory of experi- 
mental surgery as depicted by Markowitz and asso- 
ciates in an inimitable manner should be a teaching 
laboratory dealing with activities and objectives 
which do not pertain to any other laboratory. 


—F. C. Mann. 
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